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THE NEW 


RAC TICAL NAVIGATOR; 


BEING AN 


EPITOME OF NAVIGATION, 


CONTAINING THE DIFFERENT METHODS OF WORKING 
THE LUNAR OBSERVATIONS, 


AND ALL THE 


REQUISITE TABLES 


USED WITH THE 


NAUTICAL ALMANACE 


IN DETERMINING THE 


LATITUDE AND LONGITUDE, 
| AND 
KEEPING A COMPLETE RECKONING AT SEA: 


PROPER RULES AND. EXAMPLES; 


THE WHOLE EXEMPLIFIED IN A 


10 N L 


KEPT FROM | 


ENGLAND TO THE ISLAND OF TENERIFFE. 


AL $ o, 
he SUBSTANCE of that EXAMINATION, every Candidate for a Commiſſion in the Royal 
Navy, and Officer in the Honourable Eaft India Company's Service, muſt paſs through, 
previous to their being appointed: This, with the Sea Terms, are particularly recom- 
mended to the Attention of all young Gentlemen deſigned for, or belonging to the Sea. 


o that this Book, and the NAUTICAL ALMANAC, will be found fully ſufficient for 
the Seaman and Teacher's Uſe, and is rendered eaſy to any common Capacity. 


THE TENTH: EDITION. 


CONSTRUCTED ON A NEW PLAN, AND ILLUSTRATED WITH 
COPPER PLATES. 


By JOHN HAMILTON MOORE, 


FEACHER OF NAviGATION, HYDROGRAPHER AND CHART-SELLER 
To HIS RoyYal HiGHNEss THE DUKE OF CLARENCE. 
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TO THE HONOURABLE 


COURT OF DIRECTORS 


OF THE 


UNTTED COMPANY OF MERCHANTS 
TRADING TO THE EAST INDIES. 


GENTLEMEN, 


HAVING through propenſity of genius been 
devoted to mathematical purſuits from early lite, and directed m 
ſtudies for a courſe of thirty years to the improvement of nautical 
knowledge, a branch of ſcience highly intereſting to every commercial 
ſtate, as eſſentially conducive to its welfare and happineſs; I enjoy the 
pleaſing reflection of being honoured repeatedly with the patronage 
and protection of the na reſpectable characters in the ſeveral ma- 
ritime departments, and preſume, from the favourable reception of 
no leſs than Nine Editions of my PRAcTICAL NAVIGATOR, that 
I may be permitted, without the imputation of vanity, to conſider 
ſuch extraordinary encouragement as a ſubſtantial teſtimony of the 
general approbation of that part of the community, which juitly 
claims an excluſive right to decide on their merits. 

PerfeCtion is not the lot of human nature, it is only the goal of 
emulation; competition ſtimulates to exertion, and the utmoſt at- 
tainment is the combined reward of fame and profit, which candour 
muſt acknowledge to be the moſt powerful incentives to human aCtions. 

Impreſſed with theſe ideas I undgrtook this new Treatiſe, which 
J have the honour of preſenting to the firſt Mercantile Body in the 
World; an aſſociat ion that has ſo widely extended commerce, fo libe- 
ally encouraged manufactures, and fo eſſentially promoted the uſeful 
arts, that a triple alliance which conſtitutes the baſis of opulence and 
power, and renders theſe realms at once the wonder, the envy, and 
the terror of diſtant as well as ſurrounding empires. 

I have only to add, that I feel an irrefiſtible impulſe to cheriſh 
the moſt ſanguine hope that this new Treatiſe, as my laſt effort in the 
vale of years, will be attended with a favourable iſſue in reception, 
and thereby crown the labours of a life dedicated to an employ, which 
I truſt, will be conſidered laudable in its principle, and beneficial in 
its effect. I have the honour to ſubſcribe myſeltf, 


GENTLEMEN, 
Your moſt devoted, 


And very humble Servant, 


JOHN HAMILTON MOORE. 


Loxvox, Ju 12, 1793. 


4h „ 


HE general deſign of this NEw PRACTICAL NAviGATOR is, 
to compriſe every thing eſſential to form the Teacher, in- 
ſtruct the Pupil, and aſſiſt the Mariner, ſo as to render them pro- 
ficients in the Nautical Art, both with reſpect to theory and practice. 
By recurring to foriner treatiſes, the productions of others, as 
well as my own (of which Nine Editions have paſſed through 
public favour) I preſume that I have been enabled to make gradual 
improvements ariſing progreſſively, as my knowledge became ex- 
tended through inveſtigation, and my judgment matured by expe- 
ricuce. 

My grand object in this my New and laſt Treatiſe, has been to be 
conciſe yet comprehenſive, explanatory in my Definitions, perſpi- 
cuous in my Rules and Examples; and, in a word, moſt carefully 
attentive to every particular in theory and practice, that can fur- 


ther the grand deſign of the woRK, which is to facilitate the acqui- 


lition of an art that has been the object of my purſuits throughout 
life; and in which I have laboured with indefatigable aſſiduity. 

To obtain this important purpoſe, I found it neceſſary to reviſe 
with the utmoſt care, circumſpection, and caution, all the Treatiſes 
on Navigation now extant, to place them in a comparative view, and 
to diſcriminate their merits and defects, ſo as to adopt the former and 
reject the latter. Many of theſe works appeared too voluminous 
and elaborate, and the Tables neceſſary to the practical part of Na- 
vigation to be ſcattered throughout different books; hence, I con- 
ceived it might be both uſeful and acceptable, to bring theſe tables 
into one point of view by reducing them to a ſingle volume, and 
numbering and arranging them in a more methodical manner than 
hitherto done, ſo that time would be ſaved in referring to them, and 
operations in the art greatly expedited thereby. 

Upon a candid though circumſpect review of the tables in the 
NE PRACTICAL NAvIGarToR, I preſume they will be found not 
only more extenſive but more correct than have ever before appeared 
in a work of this kind, 
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PREF ACE. v 


To aſſiſt the Learner in that very eſſential branch of Navigation, 
the keeping a complete Reckoning at Sea, I have ſubjoined to this 
Vork a compendium of oblique-angled 'I rigonometry, with its appli- 
cation in oblique and current Sailing, and alſo Surveys of Coaſts and 
= Harbours, and other particulars neceſſary to be known by every 
Practitioner in the art. 

= Suchis the PLAN of the wORK now offered to the public, which 
I hope will obtain a decided preference, as it compriſes, in a ſmall 
compaſs, every uſeful Diſcovery and Improvement made by Theo- 
retical as well as Profeſſional Men, through a long ſeries of ſtudy, 
& obſervation and practice; and the whole laid down in a manner as 
RX conciſe, plain, and intelligible, as the nature of the ſubject can 


f. 
0 
. 


pectively adapted my remarks, obſervations, and inſtructions; 
kecping in view throughout the whole, uniformity of method 
bY and facility of operation. From purſuing this plan, the expence of 


ZZ purchaſing ſeveral books will be obviated, loſs of time and many 
5 inconveniences will be prevented; and ſuch advantages accrue to 
thoſe immediately concerned in having recourſe to it, as I truſt 
will juſtify me in ſubmitting it to the approbation of the public, and 
ſecure to me their ſanction and encouragement, to merit which has 
been my higheſt ambition, and the ultimate view of my purſuits 
throughout life. 
I am well aware that there are perſons, who, to ſhew there own 
ſuperior abilities in an obſcure Club, will quibble and carp at ſome 
Parts, and ſay, that they ſee nothing new, &c. To ſuch Critics it 
may be anſwered, that a Triangle was a Triangle before the days 


of Euclid, and ſo it is now; but, if the arranging, digeſting, ſim- 
plifying, and rendering Navigation attainable to the molt common 


Tapacity, with all the uſeful "Fables contained in one Book, which 
a never done before, it certainly may be called New, or at leaſt 
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THE TABLES ARE ARRANGED IN THE FOLLOWING 


ORDER. 
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Latitudes and Longitudes of Places 


CAUTION To SEAMEN. 


The RAPD SALF my former Publications have had, has 
induced perſons in Scoi/and, Ireland, and other places to copy them, 
many of which have been diſtributed in different parts of the 
world, particularly in the Ea Indies and America ;—in order to 
prevent fuch /prrious and erroneous Editions being impoſed on the 
Public in future, a ſtriking Likeneſs of the Author, drawn by 


MULLER, and engraved by BAKER, will be prefixed to each Book 
of this NEW WORK, 
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8 EOMETRY is the Science which treats of the Deicription, 
Properties, and Relations of Magaitudes in general; of which 
there are three Kinds or Species, viz. a Line, which has only Length 
without either Breadth or "Thickneſs; a Superficies, comprehended by 
Length and Breadth; and a Solid, which has Length, Breadth, and 
Thacknels, | 
13 

A Point conſidered mathematically, is incapable of being 
divided, and therefore hath no Parts, or it is the ſmalleſt Part 
of Space that can be aſſigned, and may be conceived fo infinitely A. 


{mall, as to be void of Length, Breath, or Thickneſs, being 
always denoted by a dot, as at A. 


| ONE 
A Rigtt Line ische neareft Diſtance between : 
two Points which limits its Length, without A ——— - C 
any ſuppoſed Breadth or "Thickneſs, as AC. 
III. 


A Plane Superficies is that which lies evenly between its extreme 
Points, reſembling a ſmooth Table, or poliſhed Glaſs; bounded by 


= Lines having Length and Breadth ; but is conceived to have no Depth 
= or Thicknels. 


IV. 
Parallel Lines are fach as are equally , _ 
diſtant in all their Parts, which extend- 


ed infinitely on the ſame Plane would B EIS +, 
never meet, as the Lines AB, BC. | 5 


V. 
A Plane Angle is the Iaclination or Meeting of B 


5 -B 


= two right Lines in one Point; the Point where 
os they meet is called the Angular Point, and the 


; > Lines AB and AC are called Sides or Legs; it 1s A 


5 generally expreſſed by three Letters, the Aliddle 


> one always denotes the Angular Point, as A, and C 


þ £ the other two the Legs or Sides that include it, as AB or AC. 
M 


A VI. A Curie 


13 


GEOMETRICAL DEFINITIONS, 


VI. 


A Circle is a plane Figure, bounded by an uniform curve Line, it 
is ordinarily deſcribed by a right Line, taken with a Pair of Com- 
paſſes ; one Point thereof, being fixed, whilft the other is turned 
round to the Place where the Motion firſt began; the fixed Point 


is called the Center, and the Line deſcribed by the other Point is 
called the Circumference. 


VII. 

G 
The Radius of a Circle or Semidiame- 
ter, 1s a Tight Line drawn from the Center 
to the Circumference, as AC; or it is 
that Line which 1s taken between the 

Points of the Compaſſes to deſcribe the A 


Circle ; and is half its Diameter AB. \ 


VIII. 


An Arch of a Circle is any Part or Portion of the Circumference, 
as D FE. | 
3 


A Chord of a Circle is the Subtence of an Arch, or it is a right 
Line joining the Ends of an Arch; it divides the Circle into two 


unequal Parts, called Segments. and is a Chord to them both, as DE 
1s the Chord of the Arches DFE and DGE. 


X. 


A Semicircle, or Half a Circle, is a Figure contained under the 


Diameter, as AGB or AFB. 


Al. 
A Quadrant is Half a Semicircle, or one-fourth Part of the whole 
Circle, as the Figure CAG. 
NoTE. All Circles, whether great or ſmall, are actually, or ſup- 
ſed to have their Circumference divided into 360 equal Parts, called 
— and each Degree into 60 equal Parts, called Minutes, and 


each Minute into 60 equal Parts, called Seconds, and fo on into 


Thirds, Fourths, &c. 

All Angles are meaſured by an Arch of a Circle, deſcribed round 
their Angular Points, with the Chord of 60 Degrees, taken from the 
Line of Chords on the Plane Scale, and are eſtimated greater or leſs 
according to the Number of Degrees contained betwixt their Legs; 
and though Legs be made longer or ſtarter, ſtill the Angle between 
them continues the lame. 
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GEOMETRICAL DEFINITIONS, 3 
XII. 


A right Line is ſaid to be PERENDISu— | 
LAR to another right Line, when it falls upon 
it, lo as to make the Angles on each Side of it 
equal, ſuch as the Figure ABCD, where the 
Angle A CD is cqual to the Angle A CB, each \ 
a Quadrant, or Right Angle, containing 9g0o[_ 
Degrees, 10 C B 

XIII. 


An AcvTE ANGLE is leſs than a Right 
Angle, and is that which contains leſs than 90 


Degrees, as ABC. 


-— 
XIV. 
An OBTvst ANGLE is greater tian ; 

a Right Angle, and is that which con- iO 

> tains more than go Degrees, as the b 

Angle G E H. : 

9 3 
H 


The feweſt number of right Lines that can include a Space are 


three, which form a Figure called a Triangle, or three-cornered 
Figure, and conſiſts of Six Parts, viz. three Sides and three Angles : 


it is diſtinguithed into three Sorts, viz. a Right-angled Triangle, an 
Obtuſe-angled Triangle, and an Acate-angled Triangle. 
XV. 

A RIGHT-ANGLED TRIANGLE has one of its O 
Angles right, or containing 90 Degrees; the Sids 
oppolite the Right Angle is called the Hypothe- 
nuſe ; and the other two Sides are called Legs; 
that which ſtands upright, is called the Perpendi- 
cular, and the other the Baſe ; thus, BC is the 
Hvpothenuſe, A C the Perpendicular, and A B the 
Baſe: the Angles oppolite the two Legs are both B< 


goo” 
4a 


XVI. 


An AcuTE-AnGLED TRIANGLE has all 
s Angles acute, or none of them equal to go 


Degrees, as DE G. 
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4 MARKS OR CHARACTERS. 


XVII. 

An OBTUusE-ANGLED TRIANGLE A 
has one of its Angles obtuſe, or greater 
than go Degrees, as R A F, the other 
two Angles are Acute, or leſs than 90 


Degrees, as in the Iriangle RAF. 


_— 


NoTE. All Triangles that are not ri 1 angled, whether they are 
acute or obtuſe, are in general 'Ferms cal Ned oblique-angled Triangles, 
without any other Diſtinction. 


_— — ti. 
— 
— 
„ OS 


MARKS on CHARACTERS. 


+ Signifies more, or the Sign of Addition; it ſhews that whatever 
Numbers or Quantity follows this Sign muſt be added to thoſe 
that go before it, thus 9+8, that is, 9 added to 8, Or, A+B 
implies that the Quantities repreſented by A and B are added. 

— Signifies 4%, and is uſed as the Sign of Subtraction, it denotes that 
the Number following it muſt be ſubtracted from thoſe going 
before it, as 7 —5, Or 5 ſubtracted from 3. 

Xx The Sign of Multiplication, and ſhews that the Numbers placed 
before and after are to be multiplied, thus 7 x 9g, that is, 7 multi- 
plied by g, which makes 63, and 75 x 8 x 2 which m. akes 112. | 


— This Mark ſtands for Diviſion, and fignifies that the Number that 
ſtands before it is to be divided by the Number following it, 
as 72 F 12 ſhews that 72 is to be divided by 12. Or thus, 


72 


The Sign of Equality, it ſhews that the Numbers or Quantities 
placed before it are equal to thoſe following it, Zit, thus, 8X 12 996. 
Or 8 multiplied by 12 is equal to 96, and 75 +2 x 4=36. 


: :: ; Proportion, and is read thus, 7 : 14 2: 10: 20 that is, as 7 is to 14 
ſo is 10 to 20. Or, A: B:: C: D that is, as A is to B ſo is 
C to D. 


Signifies Degrees, thus 45° ſhews the Number 45 Degrees. 
Signifies Minutes, thus 24 or 24 Minutes. 
Signifies Seconds, thus 44” or 44 Seconds. 
8. Stands for Sine. 
Sec. Stands for Secant. 


Tan. For Tangent. 
Each of theſe laſt with Co. before them, ſignity the Compliment, 
as Co- ſine, Co-tangent, Co- ſecant. 


<< Signifies Angle. 

<* Angled, with ans at top, Angles <<* 

A Signities Triangle, or A Triangles. 

J. Is frequently put to ſignify the Sum of any two Lines or Numbers, 


X GSignifies the Difference. 
GEOMETRICAL 
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Circle B D A, ſo that it may juſt touch the End 
of the given Line, at B: from where the Cir- 


che Point C, to cut the Circle in A, from A\ 
draw the Line AB, which will be the Rs . 
dicular required. DS, B 


— - "ey — 


GEOMETRICAL PROBLEMS, 
USEFUL IN NAVIGATION. 


CD — — — — 


* 
— 


_— 


A Problem is a practical Propoſition, in which ſomething 14 
propoſed to be done or effected. 


FRUDB LE MT. 
Ze draw a Right Line parallel to a given Right Line, at any given 
Diſtance, as the Point D. 


I TH a Pair of Compaſſes take the OE 5 
neareſt Diſtance between the Point R 

D and the given Kight Line AB, with A... — 8 
that Diſtance ſet one Foot of the Compaſſes any where on the Line 
A B, as at A, and draw the Arch C, from the Point D draw a Line 
ſo as juſt to touch the Arch C, and it is done; for the Line CD wil 
be parallel to the Line A B, and at the Diſtance of the Point given 
D, as was required. 


PROBLEM II. 
To biſeft or divide a given Line in two equal Parts. 


With any Diſtance in your Com- 8 
paſſes greater than half the Line AB, '4C 
with one Foot in B, deſcribe an Arch 51% 
with the fame Diſtance, and one 5 | N 
Foot in A, deſcribe an Arch that 3 B 
will cut the former Arch in C and A 7 | | 
D; through C and D draw a Line, 17 
and chat will cut ABinE; and the I 
Line AB will be divided at the Point D 
E into two equal Parts. Fad 


PROBLEM III. 
To ereft @ Perpendicular on the End of a given Right Line, as DB. 


With any Diſtance in your Compaſſes, as 
from B to C, with one Foot in C, deſcribe the 


cle cuts the Line, as at D, draw a Line through 


Or thus. With 


r 


— — 


— — 
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6 GEOMETRICATL PROBLEA!S 


With any convenient Diſtance in your” ..__ II. 
Compaſſes, as from D to A, with one Prot . 
in D, deſcribe the Arch AFG, ſet oft the -7 I 
ſame Diſtance from A to F, and from F to 


G; upon F and G deſcribe two Arches in- r. CTY By 

terſecting one another in H; draw a Line G F * 

from EH to D, and it is done; for H D will be * 

the Perpendicular required, A 
5 winged 


PROBLEM VV. 


From a ziven Point, as C, to let fall a Perpendicular on a given 


Right Line AB. | 
C 
With one Foot in C, deſcribe an Arch | 

to cut the given Line AB in F and G. G 
with one Foot in G deſcribe an Arch, and F FT 
with the fame Diſtance, and one Foot «. O- > 
in F, deſcribe an Arch to cut the former in A” =: 5 
D, from CoD draw Lie, and d ie nee" 1 
done; for CD will be the Perpendicular Ry 5 
required, * 

-D 


FROBLEM--Y. 


From a given Point to let fall a Perpendicular on a given Line, when 
the faid Perpendicular is to fall ſo near the End of the given Line that 
it cannot be done as above, as at the Edge of a Sheet of Faper, Wc. 


Let C be the Point from which the — 
Perpendicular is to be let fall on the . 
T.ine A B, from any Point in the Line , 


the Diſtance D C deſcribe another Arch 
interſecting the former in E, join CE, A 

and 1t is done; for CB will be the Per- 5 
dicular required, E 


; | PROBLEM VI 


USEFUL IN NAVIGATION. 7 


PROBLEM YL 
Ty make Plane Angles, and firſt a Right Angle, containing 9o Degrees. 


Draw the Line CA on C, erect a Per- D 
pendicular CD, and it is done; for the 41 
Angle DCA is an Angle of 90". Or thus, 
On the Point C, with the Chord of 60), 

ö deſcribe an Arch G H, and ſet off thereon 
from G to H, the Diſtance of the Chord 
of 90?, and from C through H draw CHD. 
which will form the Angle DCA, of 90 | 


required. C = C2 —— 


PROBLEM VII. 


To make an Acute Angle equal to any Number of Degrees. 
Suppoſe 30 300. 


Draw the Line BC, with the Chord of A 
3 60 or Radius, in your Compaſſes, and one * 
Foot on C, draw the Arch FB, on which ſet 
off 30 30, or 36 , from B to F, through F 
and the Center C, draw the Right Line A C, % 30 
and it js done; for the Angle AC B will C 2 B 
be an Angle of 36? 30“, as was required. 


P-R-QO'B LE M. VIII. 
To make an Obtuſe Angle, that ſhall contain 127 200. 


en 
"at 


Draw CB, take the Chord of 00 in 
your Compaſſes, and with one Foot on C, N 
deſcribe an Arch; now as we can take off 6 
only 90”, ſet off go? from B to G, and Q 
from & to E ſet off the Exceſs above 90, © 


- . a x 
which is 37" 200%, or 37+; draw the Line od 
C E, and 1t is done ; for the Angle ECB - — 
Will be an Angle of 1277 200. C 
PROBLEM 


CFOMETRICAL PROPNPLEMS 


EO LEM.18. 


The Angles and Fypothenuſe ef a Right-angled Triangle given, ts 
find either of the Legs. 


Given the Hypothenuſe 250 Leagues, the Angle oppoſite the Baſe 
$439 conſequently the other Angle 35 30“; the Baſe and Per- 
pendicular are required, 

Draw the Line Cc B, and at C make an 
Angle equal to 35 30 by drawing the Line 
CA, take 250 from any convenient Scale of 
equal Parts, and ſet it off from C to A, from 
A let fall the Perpendicular A B, to cut the 
Line CB. and it is done; for A B meaſured 
on the ſame Scale, gives 145, and CB 203.6 
Leagues. 


PROBLEM X. 


The Angles and one Leg of a Right-angled Triangle being given, ts 
find the Hyporhenuſe and the other I g. 


The Angle AC B 37” 15), the Leg AC 285 Niles, to find the 
Hy pothenule. and the other Leg A B. 

Draw the Baſe A C, lay off on it 285 from B D 
your Scale of equal Parts, from A to C; on Fd 
& erect the Perpendicular A B. with the Chord 
of GO ſweep the Arch AD, and on it ſet off 
33 J. from your Line of Chords from A to D, 
through D and C, draw the Right Line BC, + 2 
then BC will meaſure 341 ds. and BA A 285 C 
187 nearly, on the fame Scale of equal Parts that AC was taken 
from. 


PROBLEM Xl. 


The Hypothenuſe and one Leg given, to find the Angles and 
the other Leg. 


The Leg AB 350, the Hypothenuſe 600 given, to find the 
Angles, and Leg B55. 
Draw the Pale CB, on B erect the Per- A 
pendicular AB, on which ſet off 350 from 
B to A, on the Point A with an Opening 
of 600. Draw an Arch to cut the line BC 
in the Point D, draw D A, and it 1s done; for , 
the Angle A NB will meaſure 35” 41”. On i L 
the Line of Chords, and B I will meaſure © i 
487 nearly on the ſame ſcale of equal Parts t————————>0 
pefore uſed. B Fg 
PROBLEM 


* . 5 * k 
TIM 
4 Fo 5 


the 


(if 


ken 


the 


mainder is the Angle DC B = 26 15; 


C make the Angle DC B equal to 
2099 0, take 79 in your Compaſſes, and 79 
with one Foot on B, lay the other upon 
the Line CD, draw the Line B D, and it : 
is done; for the Angle D will be B 160 — 
99 17, the Angle B 51 3, and the Side DC 127 nearly. 
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PROBLEM XII. 


The Legs given, to find the Angles and the Hypothenuſe. 


The Leg AB 880 and BC 695 given, to A 
find the Angles A and C, and the Hypothe- 
nuſe A C. | 

Draw the Baſe B C, on B erect the Perpen- 
dicular AB, make B C equal to 690, and AB , 
equal to 880; join AC, and it is done; for & 
the Angle C being meaſured as before, will 
be found as per Figure, and the Hypothenuſe 
will meaſure 1118,2. 


PROBLEM: XIII. 


Two Angles and one Side, of an Oblique-angled Triangle given, to 
find either of the other Legs. 


The Angle BDC 1082 zo“, and CBD 45 15 and conſequently 
the Angle BC D 2015, and the Leg BC 98 given, to find the 
Sides C D and BD. 

Draw the Line B C, which make equal 
to 98, on the Point B deſcribe an Angle of D. *. 
45? 15, then add 45 15 to 1087 30“, and RN 
the Sum 153 45 taken from 180, the Re- 


4 1 
from the Point C deſcribe an Arch, with the B 98 C 
chord of 60, and ſet off 26 15, and it is 
done; for the ſide DB will be 46 nearly, and DC 73, 4, as was 


required. 


FROBLEM:XIV; 


Two Sides and an Angle oppoſite to one of them given, to find the other 
Angle and the third Side. 


The ſide BC 160, and BD 79, and the Angle C 29* of given, 


to find the Angle D, and the Side CD. 


D. 


Draw the Line B C equal to 160, on 


B PROBLEM 


CEOMETRICAL PROBLEMS 


PROBLEM XV. 


Two Sides and their contained Angle given, ts find either of the other 
Angles, and the third Side. 
The Side BC 109 BD 76 and Angle CBD 101 30' given, to 
find the Angles BDC or BCD and the Side CD. | 
Draw the line BC, which make equal to D 
109; on B deſcribe an Arch, on which ſet 
off from BC towards D 101% go, then YO . 7 
draw the Line B D equal to 76, join DC, 5 
and it is done; for the Angle BD C will he 
47 32', the Angle BCD 3o? 58“, and the 
Side DC will be 145, as was required. 3 


F.AUDL EM XVI. 
Three Sides given, to find the Angles. 


The Sides BC 105, BD 85, and CD 50 Miles givtn, to find the 
Angles BDC, BCD, and CBD. 
raw the Line B C equal to 1053, take 
CD equal to 50 in your Compaſſes, and 
with one Foot in C, deſcribe an Arch as 
at D, then take B D 85 in your Compaſ- 
ſes, and with one Foot in B, cut the for- 
mer Arch in D, join BD and DC, and 
it is done; for the Angle B being meaſur- 
ed, will be found 28* 4, the Angle C 53" 8, which being added 
together, is 81* 127, their ſum ſubtracted from 1802 leaves Angle D 
98 48', as was required. | 


10G S 


PF-R-QO--8-4.E MV. 
To find the Center to a given Circles 


With any Radius, and one Foot in the Cir- C 
cumference as at A, deſcribe an Arch of a XN. 79 
Circle, as CBD, then removing the Foot . n A 
from A to where it cuts the given circle, as 1 OE” 
at B, on B deſcribe another Arch, cutting or — 
croſſing the former, as C A D, and through NS 
the Points of Interſection draw the Right 9 
Line CD, which will give one Right Line 
paſſing through the center; in like manner & 
may another Right Line be drawn, as EF G, 
which ſhall croſs the firſt Right Line at the 
center required, for any two Diameters will. 
always cut or croſs one another in the cen- 
tral Point. 


PROBLEM | 


USEFUL IN NAVIGATION, 11 


. PROBLEM XVIII. 
| 7 Ty divide a Circle into any Number of equal even Parts, as 4, 10, 32. 


1 Firſt draw the Diameter through . 
the Center, which will divide it into * 
two equal Parts, biſect the Diameter *. 
with agotker Right Line perpendi- . 
cular thereto, and the Circle will © /. 
be divided into four equal Parts or , **- l 
Quadrants; biſect each of theſe — 
Quadrants again by Right Lines „ 
drawn through the Center, and it „ XN N 
will be divided into eight equal * D 
* Parts, and ſo may you continue on + * 
= your Biſections any number of N 
times, that is, 8, 16, „ e. * 
| doubling the Number of even Parts. 
This Problem is uſeful in conſtructing the Mariner's Compaſs. 


Te 


| I. A Chord or Subtenſe of an Arch, is a Right Line that divides 
che Circle into two unequal Parts, and 

; is a Chord to them both, as FH, II. D 
Y Ft II. A Right Sine of an Arch, is a Line 
© 


> drawn from the End or Termination of 


Can Arch, perpendicular to the Radius, 
de or is half the Chordof twice the Arch, ſo 
: D that I V isthe Sine of the Arch, TG 


and of the Arch TF, the Sum of which 
Arches together make 180, or a Semi- 
circle. 
III. The verſed Sine of an Arch, is 
that Part of the Diameter intercepted 
between the Right Sine and the Arch, 
as VG. 
IV. The Tangent of an Arch, is a 8 


Line drown perpendicular to the End of the Radius or Diameter, 
juſt touching the Arch, as DG. 

V. The Secant of an Arch, is a Right Line drawn from the Cen- 
ter through the Circumference, mecting the End of the Tangent 
Line to the fame Arch, as OD is the Secant of the Arch T G, to 
which T is Tangent, alſo OR is the Secant of the Arch CR, to 
which CR is a Tangent. 


NorTE. Sines, Tangents, Secants, are ſaid to be of ſo many De- 
grees as the Arch contains Parts of 260, fo that Radius being the Sine 
of a Quadrant, or a fourth Part of the Circumference, contains 90 
Degrees, thus the Radius is always equal to the Sine of 90. 


B 2 PROJECTION 


PROJECTION 


OF THE LINES or 
SINES, TANGENTS, Ax D SECANTS, 
ON THE PLANE SCALE. 


— 


1 


22 


Iſt. W I T H the Radius you intend for your Scale, deſcribe a ſe- 
micircle AD B C, and upon the center C raiſe the perpen- 
dicular CD, (which will divide the ſemicircle into two quadrants, 
AD, BD) continue CD directly to 8, and upon ; raiſe the perpendi- 
cular BT, then draw the right lines BD and AD. 
2dly. Divide the quadrant B D into 9 equal parts, then will each 
of theſe be 10 degrees. Again, you may ſubdivide each of theſe 
parts into ſingle degrees; and theſe again, if your radius admits 
it, into minutes, or ſome aliquot parts of a degree greater than 
minutes. 
3dly. Set one foot of the compaſles in B and transfer each of the 
diviſions in the quadrant B D to the right line B D, then is BD a line 
of chords. 
4thly. From the points 10, 20, 30, &c. in the quadrant B D, draw 
Tight lines parallel to C D, till they cut the radius CB, then is the 
line CB divided into a line of ſines, which muſt be numbered from C 
towards B. 
gthly. If the ſame line of right ſines be numbered from B towards 
C, it will become a line of verſed fines, which may be continued to 
180%, if the ſame diviſions be transferred on the ſame line on the other 
fide of the center C. 
6thly. From the center C, through the ſeveral diviſions in the 
quadrant BD, draw right lines till they cut the tangent BT, fo 
will the line B T become a line of tangents. 
7thly. Setting one foot of the compaſſes in C, extend the other to 
the ſeveral diviſions 10, 20, 30, &c. in the tangent line BT, and 
transfer theſe extents ſeverally into the right line CS, then will the 
line CS be a line of ſecants. 
8thly. Right lines drawn from A to the ſeveral diviſions 10, 20, 
30, &c. in the quadrant B D, will divide the radius CD into a line 
of ſemi-tangents. | 
gthly. Divide the quadrant A D into eight equal parts, and from A 
transfer theſe diviſions ſeverally into the line AD, then is AD a line 
of rhumbs, each diviſion anſwering to 11” 15' upon the line of chords. 
The 
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PROJECTION OF THE LINES OF SINES, &c. ON PLANE SCALF. 13 


The uſe of this line is for protracting and meaſuring of angles, accord- 
ing to the common diviſion of the Mariner's compaſs, It the radius 
A (> be divided into 100, or 1000, &c. equal parts, and the lengths of 
the ſeveral fines, tangents, and ſecants correſponding to the E 
arches of the quadrant be meaſured thereby, and theſe numbers be ſet 
X down in a table, each in its proper column, you will by this means 
7 have a triangular canon of numbers, by which the ſeveral caſes in 
F Log anna may be ſolved, the right Nr graduated as above, being 
placed ſeverally upon a ruler, torm the inſtrument called the Plane 
Scale; by which the lines and angles of all triangles may be meaſured. 
= All right lines, as the ſides of plane triangles, &c. when they are con- 
ſidered ſimply as fuch, without having any relation to a circle, are 
= meaſured by ſcales of equal parts, one of which is ſubdivided equal] 
into 10, and this ſerves as a common diviſion to all the reſt. In = 
X ſcales, an inch is taken for a common meaſure, to determine their 
= largeneſs and number of parts: what an inch is divided into, is gene- 
rally ſet at the end of the ſcale, as in the ſcales A, B, and C; the 
=X numbers 10, 20, 30, 45, ſhew that ſo many parts of the ſca'es A, B. C, 
are contained in an inch. By any ſcale of equal parts, d vided as 
above, any number leſs than 100 may be readily taken; but if the 
number ſhould conſiſt of three places of figures, the value of the thiid 
figure can only be gueſſed at; wherefore in theſe ſcales it is better to 
= uſe ſuch a ſcale as D, called a diagonal ſcale, by which any number of 
= three figures may be exactly found. 

= Having prepared a ruler of convenient breadth for your ſcale, 
2X (which may be an inch more or leſs) Firſt, near the edges there- 
of, draw two right lines af, cg, parallel to each other; then di- 
vide one of theke lines, as af, into equal parts, according to the 
luaargeneſs you intend your ſcale; and through each of theſe divi- 
X ſions draw perpendicular right lines as far as the line cg; next 
divide the breadth into 10 equal parts, and through each of theſe divi- 
= ſions draw right lines parallel to the former af and cg ; again, divide 
the length a, b, c, d, each into 10 equal parts, and from the point d 
= to the firſt diviſion in the line d q, draw a right line; then, parallel 
do that line, draw right lines through all the other diviſions, and the 
X ſcale is done. 

Beſides the lines already mentioned, there is another on the plane 
6. ſcale marked ML, which is joined to a line of chords; and ſhews 
X how many miles eaſting or weſting make a degree of longitude in 
every latitude; theſe ſeveral lines are generally put on one fide of a 
XX ruler two feet long; and on the other fide are laid down a ſcale 
3 of the logarithms of the fines, tangents, and numbers, which is 


x commonly called Gunter's ſcale, and as it is of general uſe, it requires 
= a particular deſcription. 


DESCRIPTION 


DESCRIPTION AND USE 


GUNTER'S SCALE. 


W HILE the reader is 5 rufing the following, it is proper 
he ſhould have a GuxTEK's SCALE before him. 
Gunter's Scale hath fet upon it theſe eight Lines following: 


1ſt. Sine raumbs marked (SR) is a line which contains the lo- 


garithms of the natural fine of every point and quarter point of the 


Mariner's Compaſs, figured from the left hand towards the right, 


with 1, 2, 3, 4. 5, C, 7, to 8, where is a braſs pin, and where it can be 


done into halves and quarters. 


2d. Tangent rhumbs marked (J R) alſo correſponds to the lo- 
garithm of the tangent of every degree of the ſaid compals, and is 
ngurcd 1, 2, 3, 4, at the center, where there is a pin, and from thence 
towards the left hand with 5,6, 7, it is alſo divided, where it can be 


done, into halves and quarters. 


3d. The line of numbers marked (Num. ) contains the logarithms 


of the numbers, and is figured thus ; —_ the left hand it begins A 


and towards the right hand is 2, 3, 4, 5, 6, 7, 8, 9; and then 1 is the 


middle, at which is a braſs center pin, going ſtill on 2, 3, 4, 5, 0, 7, 8, 9, 
and 10 at the end, where there is another center pin; (as this line i 1s 
generally much uſed, it requires a larger deſcription). The firſt one 


may be counted for 1, or 10, or 100, or 1000, and then the next 2 is * 


accordingly 2, or 20, or 200, or 2000, &c. Again, the firſt 1 may be 
reckoned 1 tenth, or 1 hundredth, or 1 thouſandth part, &c. then the 
next is 2 tenth, or 2 hundredth, or 2 thouſandth parts, &c. fo that if 


the firſt be eſteemed 1, the middle one is then 10, and 2 to its right 


is 20, 3 is 30, 4 is 30, and 10 at the end is 100; again, if the ür 
1 is 10, the next 2 is 20. 3 is 30, fo on, making the middle 1 now 
100, the next 2 is 200, 3 a 300, 4 is 400, and 10 at the end is nou 
1000. In like manner if the firſt 1 be efteemcd 1 tenth part, the 
next 2 is 2 tenth parts, and the middle 1 is 1, and the next 2 is 2, and 
10 at the end is now 10. Again, if the firſt 1 be counted 1 hundredth 


part, the next is 2 hundredth paris, the middle one is now 10 hun- 


dredth parts or one tenth parts, and the next 2 is two tenth parts, and 
IO at the end is now but one whole number or integer. 


As the figures are increaſed or diminiſhed in their value, fo in like 
manner muſt all tke intermediate ſtrokes or ſubdiviſions be increaſcd 
that is, if the firſt 1 at the left hand be counted 1, 


or diminiſhed; 
then 2 (on the right hand of it) is 2; and each ſubdiviſion between 
them 
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them now 1s 1 tenth part, and fo all the way to the middle 1, which 
now 1s 10, the next 2 is 20, now the longer ſtrokes between 1 and 2 
ore to be counted from 1 thus 11, 12, (where is a braſs pin, then 
13, 14, 15, ſometimes a longer ſtroke than the reſt, then 16, 17, 18, 
10, 20, at the figure 2 ; and all the ſhorter ſtrokes between them lon - 
ger are now each to be counted for Y parts, from the middle 1 to the 
next 2, now 20, from whenc? the longer ſtrokes between the figures 
are units, thus, 21, 22, 23, &c. to 3 Which, now is 30, and the ſhor- 
ter ſtrokes each between them, now 1s the tenth part of an integer ; 


® from 3, each ſhort ſtroke, or diviſion, is 1 tenth part of an unit. Again, 


if 1 at the left hand be 10, the figures between it and the middle 1 are 
common tens; and the ſfubdiviſions between each figure are units; 


trom the middle 1 to 10 at the end ; each figure is fo many hundredths; 
and between theſe figures each longer diviſion is 10; from the middle 


1 to 2, each leſs diviſion is 2 units; and from 2 to the end, cach ſhorter 


© diviſion is 5 units. From this deſcription it will be eaſy to find the 


e X diviſions repretenting any given number thus: Suppole the point re- 
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preſented the number 12 was required? Take the diviſion at the 
figure 1, in the middle for the ſirit figure of 12 ; then for the ſe- 
cond figure count 2 tenths. or longer ſtrokes to the right hand, and 
this laſt is the point repreſenting 12, where 1. the braſs pin. 

Again, Suppoſe the number 22 was required, the firſt figure being 
2, I take the diviſion to the figure 2, and for the 2d. figure 2, count 
2 tenths onwards. and that is the point repreſenting 22. | 

Again, Suppoſe 1728 was required for the firſt figure 1, I take the 
middle 1, for the ſecond figure 7, count onwards as before, and that is 
1700 ; then for the gd. 2 count 2 tenths from the laſt, and it repre- 
ſents 1720; laſtly, for the 4th, figure 8, eſtimate 8 parts out of 10 of 
the next {mall diviſion, or a little lefs than 10, this point, laſt found, 
repreſents 1729. | | 

Required the Point, reprefenting the number 435; from the 4 in 
the 2d. interval count towards 5 on the right, three of the larger divi- 
lions, and one of the ſmaller, and that will be the diviftion expreſſing 

35, and the like of other numbers, Which by a little practice is readily 
done. 

All fractions found in this line muſt be decimals ; and if they are 


not. they muſt be reduced into decimals, which is eafily done by ex- 
= tending the compaſſes from the denominater to the numerator ; that 
= extent laid upon 1 in the midde will reach to the decimal required. 


Example. Required the decimal fraction equal to 3, extend from 


40 3, that extent will reach from 1 on the middle to 75, towards 


/ Y? 


© the left hand: the like may be obſerved of any other vul-zr fraction. 


MULTIPLICATION is performed on this line, by extending from 


i to the multiplier; that extent will reach from the multiplicand to 


the product. 


duppoſe, for example, it was required to find the product of 16 


multiplicd by 4, extend from 1 to 4, that extent will reach from 36 


7 0 64, che product required. 


Divis;ox 


10 DESCRIPTION AND USE OF GUNTER's SCALE, 
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Divisiox being the reverſe of Multiplication, therefore extend 
from the diviſor to unity, that extent will reach from the dividend 7 


to the quotient. 

Suppoſe 64 to be divided by 4, extend from 4 to 1, that extent will 
reach from 64 to 16, the quotient. 

N. B. This extent in Diviſion is to be taken backwards from the 
dividend to the quotient, but in Multiplication it is taken forward from 
the multiplicand to the product, they being contrary to one another. 

PROPORTION, or the RULE OF THREE, being performed by 
Multiplication and Diviſion, therefore extend from the firſt term to 
the ſecond, that extent will reach from the third term to the fourth. 

Example. If the diameter of a circle be 7 inches, and the circum- 


ference 22, what is the circumference of another circle the diameter 


ot which is 14 inches? 


Extend from 7 to 22, that extent will reach from 14 to 44, the ſame 


way. - 

ln like manner may any other proportion of any denomination be 4 
worked, which makes this line of general ule, Roy in meaſur- © 
ing Superficies and Solids, which is done by extending from 1 to the 
breadth, that extent will reach from the length to the ſuperficial 7 


content. 


Example. Suppoſe a plank, or board 15 inches broad, and 27 E 


feet long, the content of which is required. 
Extend from 1 to 1 foot 3 inches; that extent will reach from 


27 feet to 33,75 feet, the ſuperficial content. Or extend from 


12 inches to 15, &c. 
The ſolid content of any bale, box, cheſt, &c. is found by extend- 


ing from 1 to the breadth, that extent will reach from the depth to a 
tourth number, and the extent from 1 to that 4th. number, will reach 


trom the length to the ſolid content. 
Læample iſt. What is the content of a ſquare pillar, whoſe length 
is 21 feet 9 inches, and breadth 1 foot 3 inches? 


The extent from 1 to 1,25, will reach from 1,25 to 1,56, the con- 
tent of 1 foot in length; again, the extent from 1 to 1,56 will reach 


the length 21,75 to 33,8, the ſolid content in feet. 
Example 2d, Suppoſe a ſquare piece of timber 1.25 feet broad, 
fion ,56 deep, and 36 long, be given to find the content: > 
Extend from 1 to 1,25, that extent will reach from ,56 to ,7, then 
extend from 1 to,7, that extent will reach from 36 to 25,2 the ſolid 


content. In like manner may the contents of any bales, &c. be found, 


which divided by 40 will give the tonnage. 


z3dly. The line of Sines marked (Sin.) begins at the left hand, and is N 
figured thus: 1, 2, 3, 4, 5. &c. to 10; then 20, 30, 40, &c. to 90, 
ending at the right hand, where a braſs center pin, here, and in all lines 


under it, called degrees. 


4thly, The line of verſed ſines, marked (V. S.) begins at the 4 A | 
eſt | 


hand. againſt 90® on the fines, and from thence figured towards the 
aud thus: 10, 20, 30, 40, &c. ending at the left hand end about 
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} apply it from C to B, and the line BC will be divided in the ſame 
atio as is the line AB or AC, | 


ON THE USE OF THE SECTOR, 17 


1699 each of the ſubdiviſions, from 10 to 30, are 2 degrees; and 
from thence to 90, it is ſingle degrees, and from thence to the end, 
each degree is divided into 15 minutes. 

5thly. The line of tangents, marked (Tan.) begins at the left hand 
as do the fines; from thence it is figured to the right hand, thus: 1, 2, 
3, &c. to 10, and lo on 20, 30, 40, and 45, at the right hand, where 
is a little braſs pin, juſt under and even with 90“ in che fines; from 
thence back again it is figured 50. bo, 70, 80, &c. to 89, ending at the 
left hand where it began at 1 degree, The ſubdiviſion of tiis line are 
the ſame as thoſe of the ſines. 
thly. The line of meridional parts, marked ( Mer.) begins at the 
right hand, and is numbered thus: 10, 20, 30, to che left hand, where 
it ends at 87 degrees. This line, with the line of equal paris, marked 
(EP) under it, are uſed together, and only in Mercator's failing. The 
uppermoſt line contains the degrees of the meridian, or latitude, in a 
Mercator's chart; and the lower is the equator, and contains the de- 
grees of longitude, 


ON THE 


USE OF THE SECTUR: 


The Uſe of the Line of Lines, marked on the ſame Side of the Sector (L L:) 
'T: HE uſe of the ſector is taken from the property of two equilate- 


ral ſimilar triangles, thus in the following figure: 


AB and AC are equal legs, or B 
radii, of an ĩſoceles triangle, ſtanding D — 
on the baſe B C: Now, by the pro- IE ; 
perty of ſimilar C., drawing DE A — 1 
parallel to BC, the two triangles — —Þ : 
ADE and ABC are fimilar and pro- 5 : 
portional; or AD: DE:: AB: BC. E 

AB: BC:: AD: DE. . 


Now, ſuppoſing AB to be divided into 100 equal, the two equal 


lines AB and AC, and it is required to divide any opening of the legs, 
ds BC in the ſame ratio as AB, AC is divided into, it is inſtantly per- 


formed by taking laterally the diſtance DE in your compaſſes, and 


8 


C PR O- 


ON THE USE OF THE SECTOR. 9 
PROBLEM I. * 
To divide a given Line in any Number of equa! Parts. F 
Suppoſe DE is required to be divided into D 3 
6 equal parts ? p—_ —_ — 1 
OPERATION.— Take DE in your compaſſes, and open the legs of 
the ſector, fo that the opening of the compaſſes DE thall juſt fall on $ 
the line of lines on each leg of the ſector, on 6.6 ; then take off 1.7 
laterally, and ſet it from D to D 1, and D 1 will be the 1-fixth part of „ 
the given line D .. = 
o this problem may be referred the method of making a ſcale of a 
given length, to contain a given number of equal parts. = : 
PROBLEM 1. = - 
Suppoſe the ſcale to the map of a ſurvey is 6 inches long, and con- 
tains 140 poles required to open the ſector, ſo that a correſponding ſcale |, 
may be taken from the line of lines? = - 
SOLUTION.-— Make the tranſverſe diſtance 5 and 7, or 70.70, viz. WE 
—.— equal to 3 inches == 4; and this poſition of the lines will produce F 
the given ſcale, 8 
PROBL EM III. 7 
Let a ſcale of 4 inches to a degree in longitude be reduced to another BF 
ſcale of 3 inches to a degree of longitude ? FF 
SOLUTION. — Set off any diſtance on the 4-inch ſcale tranſverſely to 
40.40 or 4.4, on the line of lines; with this opening take off 3.3 or 4 
30. 30, and it is done, this lateral diſtance being the proportional part 
required. 8 
PROD LE MIT, 1 
One ſide of any triangle being given, of any length, to meaſure the 3 k 
other two ſides on the ſame ſcale ? = « 
Let the triangle A BC be drawn. B = - 
I would have the fide A C meafure = < 
63. What are the meaſure of the = \ 
other two ſides, AB BC? 50 £5 = 
© 
SOLUTION,—Take AC in your compaſſes, and apply that diſ- R | 
s 


tance tranſverſely to 6.3 or 63 ; to this opening of the ſector apply the 
diſtance AB in your compaſſes to the ſame number on both des of 
the rule tranſverſely ; and where the two points fall will be the meaſure 7 
on the line of lines of the diſtance required; the diſtance AB will 
al againſt 50. 50, and BC againit 45.45 on the lines LL on each 
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LOGARITHMS. 19 


Uſe of the Line of Chords on the Sector, marked (C C) on each Side 


"The line of chords on the ſector is laid down on both ſides as far as 


60 ; each degree is divided in halt or 30“; the uſe is only to lay 
down angles, or meaſure their arches to any given radius. 


ENA MF LE I. 


In the given circle ABC to lay off from the points C an Cof 30. 
SOLUTION.-—"Take the radius DC in B 

vour compaſles, and open the ſector until beer bee 

69.060 on both tides fall on each point; 4 


with this opening take oft 30.30 on both F 4 
ſides tranverſely, and apply it from Con the : E” : 
D © 


arch towards B, as at a, and it is done ; and 


the <a DCis an arch of 30“ required. £ 
In this manner, by ſetting 60.60 to 1 8 
radius on the chords, or 90.90 on the * 1 


ſines, or 459 459 on the tangents, may eee 


the chord, ſine, or tangent, of any angle, be found, ſet off, or 
known, to any given radius. 


A — ̃— 


E r 


c —— Ah. 


OGARITHMS are a ſeries of numbers, invented by Lord Na- 
pier, Baron of Marchinſton, in Scotland, by which the work of 
multiplication may be performed by addition, and the operation of 
diviſion may be done by ſubtraction; ſo that great time and trouble 
are ſaved thereby in the performance of all arithmetical operations ; 
for if the logarithm of any two numbers be added together, the ſum 
will be the logarithm of the product ; and if from the logarithm of 
the dividend you ſubtract their logarithm of the deviſor, the remainder 
will be the logarithm of the quotient. Again, if the logarithm of 
any number be divided by 2, the quotient will be the logarithm of 
the ſquare root of that number ; or if the logarithm of any number 
be divided by 3, the quotient will be the logarithm of the cube root of 
that number. 

The moſt convenient ſeries now made uſe of is the following: 
„ 3 4 5 Kae. logarithms. 
1 10 100 1000 10000 1009000, &c. numbers. 
By which you perceive the index of any logarithm always one leſs 
than the number of figures the integer contains, 


C2 To 
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20 LOGARITHMS. 


To find the Legarithm of any Number containing leſs than 5 Figures, 


E MTL. 


J would find the logarithm of 7 ? 

Look in the table tor the number of 7 in the fide columns, and 
againſt it is 0.94510, This number having but one figure, the in- 
dex thereto is o. 

1 would find the logarithm of 79 

Look in the table for the logarithm 79 in the fide column, and 
againſt it is 1.89703; to which 1 is the index, becauſe the number 
contains two figures. 

1 would find the logarithm of 763 

Againſt 763, in the firſt ſide column, is 2.58252 ; to which prefix 
the index 2, as the number contains 3 places of figures, 2, 88252. 


To find the Logarithm of 7634. 


Find the logarithm of the three firſt figures in fide columns as be- 
fore; and. caſting your eye on the numbers on the top line of the table, 
look fer the remaining figure 4, bring your eve to bear down that 
column, and right agaiiiſt 7631 is the logarithm 88275, to which prefer 
the index 3. as it contains four places of hgures, thus: 3.88275 is the 
logarithin of 7024. 


To find the Logarithm of any whole Number to 5 Places of Figures, 


Suppoſe 76345 
Look out the logarithm of the three firſt figures 763 in the ſide 
column, and the next figure 4 in the top column as before, and againſt 
the angle of meeting 18 88 275 as before. Take the difference between 
this logarithm al the next greater ; that is, the difterence between 
275 and 332, which is 57; then fav, by the rule of three, if 10 gives 57, 
what will 5 give ? that is its half or 28 ; which, to be added to the loga- 
rithm 88275, makes 88303; to w hich prefix the index 4, as it con- 
tains five places of figures; and that makes the logarithm of 76845 ta 


be 4.88303. 


Again, to find the Logarithm f any Number to G Places of Figures, as 
703458. 

Find the logarithm of the 4 firſt places of figures as before £8275 ; 
as above then ay , if 100 gives 57 difference, what will 58 give 
Anſwer, 33 ; which added to 8827 5, makes 88308 ; to which prefix its 
index 5, in rakes the logarithm of 763458 to be 5.8830} nearly. 


up 


« 


LOGARITHMS, 21 


To find the Logarithm of any mixed Number, as 763 458. 


Where the integer is 763, or has only three places of figures, the 
rule is: Find the logarithm to all the figures, the ſame as if they were 
whole numbers as before, to which prefix always the index of the 
integer, which in this number is 2; fo that the log. of 763.458 is 
2. 88308, nearly the ſame as the above, only differing in its index. 


To find the Number anſwering to any Logarithm to 4 Places of 


ge. 


Seek under the column o, at the top of the table, the next leſs 
logarithm ; note the number againſt it, and carry your eye along that 
line until you find the neareſt logarithm next leſs than the given one, 
and you will have the fourth figure at the top of the table, which affix 
to the three given ones in the tirit ſide column. 


What is the number to the logarithm 3.77 342?---I look in column 


od, and find under it, againſt the pumber 593, the logarithm 7705 ; 


and, guiding my eye along that line, I find the given logarithm 77 342 


4 under the column, with 5 at the top; fo that the number is 5935. 


The number, if taken out by this precept, will be either the number 


required or the next leſs, 


'M To find the Number anſtbering any Logarithm to 5 Places of Figures 


near [ 5. 


Find the ncxt leſs logarithm to the given one, and take its differ- 


= ence betwixt it and the given one; alſo take the difference betwixt 
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the next greater logarithm, and next lets to the given one; then ſay, 
= as the difference of the next greater and next leſs is to 10, ſo is the 
= former difference to the correction fought ;—as ſuppoſe you would 
find the number to the logarithm 4. 596 32 ? 


4-590 32 
4.59626 The neareſt next log, I can find is 59626 = its num. 39470 
The next greater ditto is - 59637 = 39480 
6 — — Difference fx - 10 


F 5 Then ſay, 11: 10 :: 6 : 5 nearly the correction; which I add to the 
number 3947, makes the number ſought to be 39475, anſwering to 


+ #1 
| Fo 
f 7 
K 
. 
5 . 


the logarithm 4. 59632. 
NoTE.— Aliquot or even parts may be taken of the difference 
between the leſs and greater logarithms, where it can be done, thus: 


4 In this laſt 6 is nearly the half of 11, as 5 the number ſought is of 10, 


the difference of the two numbers belonging to the greater and leſs 
logarithms, which will often ſave time and trouble. 


MULTI 


22 LOGARITHMS. 


MULTIPLICATION BY LOGARITHMS. 


| CASE I: 
j To find the Produft of two whole or mixed Numbers. 
j! Mutiply 76 Log. = 1. 68081 | Miltiply 76.4 Log. = 1.88081 
l by 54 1. 73239 | by 54 0.73239 
f Product 4104 = 3+ 61320 | Product 410.4 = 2.613200 
II. $ | 
; When both, or either, of the fractions are leſs than unity, as if 
| 0.265 Log. 9.42325 Here the index of a fraction is 9, when 
O.O31 8.49130 the firſt decimal figure, as 2, ſtands in 
| _ _ — the tirit decimal place; but if it ſhould 
] 008215 1.91461 ſtand in the ſecond decimal place, as the 
5 3 in .031, the index will be 8; if it ſtood in the third decimal 


place, as .0031, the index would be 7. Thus the number of cyphers 
prefixed to any decimal. and the index of that decimal always together, 
make ; ſo that it you take the number of cyphers prefixed to che de- 
cimal from, q remains its proper index. In the addition reject 10 in 
the ſum of the indices ; and the proper product, or value of the pro- 
duct, will be obtained: By reafon, if 9 repreſent the index of a frac- 
tion, 10 will repreſent, in this cafe, the index of unity. Indeed the 
index of unity may be aſſumed either o, 10, 100, &c. as you pleaſe ; WM 


J - SW KL 
but generally, for moſt uſes, is not wanted to be more than 10, as in i , 
the fines, tangents, ſecants, &c. As 7 or 8 places of decimals are gene- , 
rally ſufficient for all purpoſes, take theſe two more examples: = 
Multiply 3.72 Log. o. 87054 | Multiply 59.4 Log. 1.77415 8, 
by 0.00064 6. 80618 by «©0003 1 5.4920 3 
Product .o023808 2.37072 | Product 0018414 7.26621 1 
Here the remainder to 9 is 2 in 2 
the index; therefore prefix two 7 
cvphers to the number of the loga- 8 P! 
nth 37672 for the product required, th 
Fc 
l DIVISION OF LOGARITHMS. Mt 
. n e | N Fr: E. 
f To divide a whole or mixcd number by a leſs whole or mixed Number. % 
0 RvLE. From the logarithm of the dividend ſubtract the logarithm BE... 
\ of the devifor, and the remainder 1s the logarithm of the quotient. $ 
| Divide 4104 by 54. Divide 420.4 by 5.4. A 
| 4:04 Its logarithm is 3.61321] 410.4 Its logarithm is 2.61320 
ö 54 lis logarithm is 1.73239 5.4 Its logarithm is 0.73239 00 
0 : — — — i — = 
ö 76 Quotient = 1.8082] 76.0 Quotient == 1.88081 
110 
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LOGARITHMS. 23 
CAS E. . 6 
When both, or either, fractions are leis than unity ? 
As divide . 008215 by . o31. Norg.—If I had aſſumed the 
; index of unity 100, then the index 
oba 11. 1g. {91467 | of the firſt number would have 
3 „ a 3” been 99 or 97.9146t, 
.265 Product 9.42325 and. C31 W. 49135 
Nor E. -In the indices here I 99.4232 5 


borrow fo in the ſame manner as 
I flung it away in addition, 
Divide 0023808 by 3.72. 
«0023808 Its log. is 7.37672 
3.72 Its log. is o. 57054 


.ooo64 Quotient + 6.8061 8 


So that 99 is the index of the firſt 
decimal place under foo in this caſe. 


Divide 59.4 by c0003t. 


59.4 Its log. 18 1.77475 
000031 Its log. is 5. 49209 
0001916 Its quotient 6. 28209 


Nor E. Whatever index you make repreſent unity, omit it in the 
ſum of the indices, and borrow it in the ſubtraction of indices, the 
ſum or remainder will be the true index required. 


ToEXTRACT the ROOTS in LOGARITHMS. 


As the multiplying the logarithm of any number by the index of 
its power produces the logarithm of that power; fo the diviſion of 


of the root required. 
What is the ſquare root of 324 ? 


$ 324 Its logarithm is 2)2. 51054 


—ę—e— 


18 Log. of the root 1s 


pe 


5 f any logarithm by its propoſed index, the quotient will be the logarithm 


| What is the cube root of 10648 ? 
10648 Its log. is — 43)4. 02725 


22 Log. of the root is 1. 34242 


To find any propoſed root of any decimal fraction, you muſt firſt 


1 prepare the index for the di viſion by the propoſed power, thus: For 
the ſquare you muſt add 10 to the index before you divide it; for the 


cube you muſt add 20 to its index before you divide; and fo on for 


the root of any power propoſed. 


4 Ex AMfTLE.— What is the ſquare 
3 root of . 01849? 
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Its log. is 7.26694 
Add a 10. , 
2) 15.26694 


043 The log. of the 
root is 1 | = $.03347 


What is the cube root of .125 ? 


.135 The log. is 9.99691 
Add Soo"; 

Sum 3)29.09691 

| Its root — 9.69897 


The 


= 


= — 
ur 


— 


1 


— = 


| 
4 - 
* 
þ- 
s 


24 


The APPLICATION of LOGARITHMS in 


meaſuring Boards, Timber, Glaſs, Stone, and 


LOGARITHMS. 


all kinds of Packages, uſually taken on board 


Ships *. 


Required the content of a board or 
ee 9 feet long and 1 4 foot 
road r | 


Log. of 9 or 9.5 is 0.97772 

14 Or 1. 25 is o. 09691 

11.88 nearly log. of cont. 1.07462, 
or 11 feet 10 inches nearly. 


| Required the content of a piece 
of glaſs 2.9 feet long and 1,7; 
broad ? 


In like manner may any dimenſions be ſquared, and the contents 


be found. 


If the ſolid content be required of any box, bale, &c. add the loga- 1 
rithms of the length, breadth, and depth together, the ſum will be th 


log. of the ſolid content. 


ExAMPLE.—— What is the ſolid content of a box whoſe depth is 7 


2. 7, breadth 2. 3, and length 4. 5 feet? 
2.7 Its log. is 0.43136 
2. 3 Its log. is ©. 36173 
4. 5 Its log. is O. 65321 


Sum equal the log. of the content 1. 44630 = number 27.95 or 28 


fect nearly. 


The diameter of a caſk at the hewd and bung, and alſo its length | | : 


being given, to find its content in beer and wine meaſure ? 


1ſt. Multiply the difference of the head and bung diameter by 0.7, 7 f 


and aud the product to the head diameter for a mean diameter. 


Rule for Wine Meaſure. 


Place down the log. of the mean 
diameter twice the log, of the 
length, and under theſe two the 
conſtant log. 7. 53148, the ſum of 
theſe four logarithms will be the 
log. of the content, abating 10 1n 
the ſum of the indices. 


—_—_— * 


Rule for Beer Meaſure. 


Pur this conſtant log. under the 


two former logs. always 7.44484, 
the ſum of the four logs. will be 


the content for beer gallons, abat? 


ing 10 in the index. 


_— * "a 


* The Author has lately publiſhed an improved Gunter's Scale, on 
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Log. of 2.9 0. 46240 1 

1. 75 0. 24304 N be: 

5-075 = 0. 70544 
The content is 5.075 feet. 2 
* 


which the foot is divided into 10 equal: parts, and theſe parts ſubdivſded 


into 10 equal parts, for the purpole of taking dimenſions and calculating ma 


by logarithms or decimal fractions. 
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. Ex AMrLE. What is the content ↄf a caſk whoſe head diame- 
ter is 20, the bung diameter 28, and length 40 inches? 

5 28 

A 20 


8 Difference. 


7 


— — 


= 5.6 Number to be added to, 
1 The head diameter 20.0 


25.6 
For wine. For beer. 
. 024 5 1.40824 
Log. of mean diam. | 145824 — | 1.40824 
Length 40 = 1.60206 | — - 1.60206 
Conttant log. 7.53148 — 7.44484 


— 


Log. of 89. 13 gallons 1.95002 And. 72 gall. = 1.86338 of beer, 


the content tor wine. 


The way theſe two conſtant multiplying logarithms were found is 
thus : | 

1ſt. The area of a circle, whoſe diameter is unity, is 7854 decimal 
parts of the ſquare thereof; ſo that if the {quare of the diameter of an 
circle be multiplied by ,7854, the product will be the area oi the 
given circle : hence, 7854 is always a conſtant quantity whoſe loga- 
rithm is 9, 89 509. | 

2d. If the area of a circle be divided by 231, the number of cubic 
inches there are in a wine gallon, the quotient will be the number of 
gallons that circular area contains, at 1 inch deep: hence 231 is a con- 
{tant deviſor. Its logarithm is 2. 360361, the arithmetical comple- 
ment of which is 7.63639, which I add to the former conſtant 
logarithm 9.89509 
7.03039 


The ſum 7. 53148, abating 10 in the indices, is the conſtant logarithm 
do be added, as per rule, for wine meaſure. 


Poor beer meaſure the deviſor is always 282, its logarithm is 2.45025, 
2 whoſe arithmctical complement is 7.54975 


Add 9.89 oe 


1 Sum 7.44484, the conſtant logarithm 
F for beer meaſure, as per rule, omitting 10 in the index, or ſubtract 


on 2.45025 from 9.89509 

ved BR ake 2.45025 

* 1 

1 8 Remains 7.44484, the ſame as above. 
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The common IJ ay of finding a Ship's Tonnage at London. 


RuLE.— Multiply the length of the keel by the breadth of the 
beam, and that product by halt the breadth of the beam, and divide the 
laſt product by 94, and the quotient ariting is the tonnage. 


ExAMPLE. -—Suppole a thip 72 feet by the keel, and 24 feet by 
the beam, what is the tonnage * 


Length ., - log. is 1.85733 
Breadth 24, — do. 1.38021 
Half-breadth 12, — do. 1.07918 
Arith. complement of log. of 94, do. 8.02687 
Tonnage 220.6 - 2.34359 Anſwer. 


To find the Logarithm of the Sines, Tangente, and Secauts, belonging to 
any Number of Degrees and Minutes required. 


If the required degrees be leſs than 45. ſeek the degrees on the 
top, and the minutes in the left-hand column marked M, againſt 
which in the column ſigned at the top with the propoſed name, ſtands 
the fine, tangent, and ſecant required; but when the degrees given 
are more than 45, ſeek the degrees at the bottom, and the minutes in 
the right-hand column marked NM at the bottom, and the propoſed 
name of the bottom. Here it may be obſerved, that the degrees at 
the top and minutes at the left-hand column, added to the degrees at 
the bottom and minutes in the right-hand column, always make 90 
hence, if a ſine be looked for, the co- ſine or complement will be found 
in the adjoining column, the fame of tangents and ſecants. 


ExAMPLET.---Required the log. | ExaMeLE TI. --- Required the 
fine of 282 37“: log. tangent of 67 45! 
Find 28 at the top of the page, Find 67” at the bottom of the 
and in the left-hand column mark - | page, and 45” at the right-hand 
ed Mat the top, find 37; againſt | column marked M at the bottom; 


which, in the column marked with | againſt this in the column marked 
theword Sine, ſtands 9.68029, the | 1 angent at the bottom, ſtands 
logarithm of the ſine of 28 37' re- 10.3>816, which is the logarithm 


quired, The ſame may be obſer- | required. 
ved of tangents and ſecants. 


Having the fine, tangent, and ſecant, the co- ſine, co-tangent, co- * 


ſecant, are always found in the adjoining columns. 


The logarithms to any number of degrees above 90, is found by,, x: 
ſubtraCting the given degrees from 1809, and taking the logarithm f : 
the remainder; or if 90 be ſubtracted from the given fine, and the 
log. co- ſine of the remainder be taken, it will give the fame as above. 
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To find the Degree:, Minutes, and Seconds, correſponding to any given 


Lovaritim. 
a4 


If the degrees, minutes, and feconds, be wanted to a given loga- 
rithm: fine, or co- ſine thus found, and the next greater and the next 
If dan the given logarithm, and the diuterence between the given lo- 
garithim and next lets it a ſine, and the next greater if a co-ſine ; then 
ſay, as che difference between the next greater and next leſs to 60”, fo is 
the dikcrence between the next lels if a fine, and the next greater if a 
co- ſine, to the number of ſeconds to be annexed to the degrees and 
minutes found belore. 


EXANMPLE I. — Find the degrees, minutes, and ſeconds, corre- 
ſponding to log. fine 9.61405 ? 
Next leſs log. 9 61382 Next leſs log. 9 61382 


O 


Next greater 9.61411 Given log. 9.61405 


29 | 25 


Here the given log is found ſtanding between 24 16“ and 245 
17“; then as 29 is to bo, ſo is 23 to 48, which annexed to 24® 16, 


| gives 24 10' 48”, anſwering to log. 9.61405. 


EXAMPLE II. — Find the degrees, minutes, and ſeconds, - corre- 


X fponding to the log. co-tine 9.43297 


The neareſt found between 745 16“ and 74® 17”. 
Next greater log. 9.43323 Next lets log. 9.43323 


Next lets 9.43278 Given log. L 943297 
Diff. 45 Di -- 46 


Now as 45 is to 60, ſo is 26 to 34”, which annexed to 74 10' gives 
74* 10' 34”, the degrees, minutes, and ſeconds required. 


To find the Logarithm of the Sine or Co-ſine, for Degrees, Minutes, and 


Seconds. 


RuLE.-—-Find the logarithm to the degrees and minutes as before; 


take the difference between the logarithm and the next greater in the 
ſime; but if a co-fine, the next leſs; multiply this difference by the 
1 odd ſeconds, and divide the product by 60'; add the quotient to the 
© | right-hand of the log. of the degrees and minutes, if a fine, but ſub- 


tract it if a co-ſine, the ſum or difference will be the logarithm, fine, 


or co-ſine required. 


D 2 | Ex Au- 
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EXAMPLE I. Reg uired the EXAMPLE II. — What is the 


log. ſine bp 24” 100 48“ log. co- ſine of 74” 10' 24”? 
Sine of 9 160 9.61382 Log.: co- ſine of 74% 16' 9.43323 
Sine of 240 17” 9. 01411 Log. co-line of 7417 9-43278 

Ditt. 20 Dif. 47 

Now 29 multiplied by 48 Now 47 multiplied by 34 = 
gives 1392; this divided by bo, 1598; this divided by 60, gives 
the quotient | is 23, which added the quotient 20 nearly ; and 26 
to 9.61282, gives 9 61405, the | ſubtracted from 9.43323, leaves 
log, of 24 1048“. 9.4329”, the log. co-ſine of 

| 74" 10" 34". 


If the given ſeconds be E, J, 4, +, or +, or any other even parts of a 
minute, thelike parts may be taken of the difference of the logar ithms, 
and added or ſubtracted as above, which may be frequently done by in- 
ſpection. 
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To find the Arithmetical Complement of any Logarithm. 


The complement arithmetic of any logarithm, is what it wants of 
10.000 O or . ooo, and is uſed to avoid ſubtraction. For finding 
it this is the rule: Take the reſidue or remainder of the firſt figure to 


9, and fo of the reſt, till vou come to the laſt figure; of which take "© 
its remainder under 10, and it is done. | 


* 1.—1 would have the complement arithmetic | 
9.62595 4 
For the firſt figure ꝙ write o; for 6, 3; for 2, 7; for 5, 4; for 
or | 


—-y 


9, o; and for the Taft figure 5 write 5 ; and ſo you have 0.3740 5 fo x 
the complement arithmetic ſought. 


K 3 
Per Sher, -S, 4 44; a "of 
r . n 


EXAMPLE II. — The complement arithmetic of 20. 33133 : 
Foro (rejecting the firſt figure) write 9, and fo on as before directed, 
and then you will have 9.66869, which is the complement arithmetic 98 


of 20.33133- Or thus: 8 

From 10.00000 | From 2.0.00000 2 th 

take 9.62595 | take 10.33133 1 

1 It will be neceſſary for the reader to make himſelf well acq duale 4 

; with the following propoſitions, as he will find them uſeful when 

by he goes into Trigonometry, which are here rendered plain and eaſy 60 1 

1 be underſtood : 1 5 
i ProPosITION I.——If a right line ſtands upon, or meets with 

| another right line, and makes angles with it, the two angles taken to- 


gether will be two right angles, or two angles equal to two right angle. 1 j 
Let by 
. 3 1 


n 
6 2 + 2 : 
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Let the line CD meet AB in D; on E 
N ere&t the perpendicular DE, with tlie ” 
chord of in your compaſics, and one foot 


ur D. deſcribe the arch A E B, which 101 
be a ſemicircle or 180; ct which AB is 


the diameter, and the angles ADE and - 
B D E are quadrants, each 90, becauſe LD A 

is perpendicular to AB: now the BDC is leſs than 5 ſince 9 
two angles together can make neither more nor leſs than 18 or 2 ſe- 
micircle; conlequently any number of richt lines ſtanding upon the 
fame ſide of the line A B, and coming from the ſame point D, the ſum 
of all the angles formed by ſuch right lines cannot excecd 180. It the 
angle B DC be ſubtracted from 180 , the remainder will be the 
an; le CDA; or if the angle ADE is given, the angle BDC 18 


"HART in the ſame manner. 


ProyosITION II.AIIf two right lines croſs each other, the angles 
which arc oppoſite are equal one to the other. 
Let the two lines AD and CB croſs C A 


each other in the point E. With the chord 
of 69', or any convenient radius, in your 
compalles, and one foot in E, deſcribe a 
circle; then, by meaſuring the angle it will 
be found that the angle AEB is rn to the 
angle CE D, and that the angle A E. C is 103,103 
equal to the angle B ED; for the angle 77 
AEB added to the angle AEC make a 

ſemicircle ; and ſo does the anzles BE D 

and DE C; ; and all the angles taken to= -/ 

gether make 360”. D B 


PROPOSITION II.—Tf a right line croſs two parallel lines, 


the outward angles will be cach equal to the inward and oppotitę 
ones. 


Let the lines A B and C D de pa- 
rallcl lines, and E F the line that 
cuts them in the points G and H. 
With the chord of 60 in your com- 
paſſes, and one foot on G and H, 
deſcribe the arches BEA and DFC, 
which will be each a ſemicircle : 
now, by meaſuring the angles BGE. 
and AGE, they will be found equal 
to the angles DHF and FHC, 
and eacli equal to 180, by the firſt 
propoſition, In like manner it may 
be proved, that the two outward 


angles are equal to the two inward and oppoſite ones. 


PRO- 


30 ; TRIGONOMETRY. 


ProOPosiTION IV. — In ev; ry plane triangle, whether right 77 
oblique, the three angles are equa] to two rig Nut an, les or 180. 1 


In the triangle A GB draw C D parallel to AB through the point 
G; on which point, with the chord of 60 , or any convenient radius, de- 4 . 
ſcribe a circle on the point G; and with the ſame ra: us, on A and 54 
deſcribe arches: now, by the laſt propoſition, the angle AGB will 
be equal to the angles FGE, and the angle A BG will be equal to tie 
angles CG E, and the angle BAG 1s equal to the angle DO: now, 
ſince the oppoſite angles ate equal, the angles DG F, FG E, and E. G0 3 
together, make a ſemicircle or 180; theref ore it is plain, that the wy 
three angles of a plane triangle, whetiter Tight, acute, or obtuſe, toge - 
ther. u equal 0 two right angles or 18079: hence it follows that, 3 
the right angle BA G is go”, the other two acute angles ABG 
and AG B, taken together, can be no more than go”; therefore] 
if one of the acute angles, in a right-ang led triangle, be give iz, the other! 
is found by ſubtre cting the given: angle from go". And in any oblique 
angled triangle, if one > of the angles be given, the fam of the other tw 
is found by 2 cling the given angle from 180); and if two angle 
are given, the third is found by ſubcracting tlie ſum of the two 5 
from 1805. 


PRO TOS HT oN V.— In every p lane triangle, if one gf its das : 
be produced, the outward angle will be equal to the two inward op- 
polite angles 

Let ABC be the triangle, an 4 CD 
the ſide Produced. with the chord of 
60', or any —_ han I Dyes i ge 
on AB and C, draw CE parallel to A 
B; then, by A 3d Propoſition, the „ oN 2 ; 
angle ACE mult bee equz! to the angle TI. — Di 
BAC and the angle D C E equal to C | 
the angle CBA; therefore 'the outward angle DCA is equal to to 
two inward oppoſite angles ACB and BAC; which may be cash to 

roved by mcajuring the angles by the linc of chords on the plant tar 
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NoTE.—T hope the learned mathematician will excuſc the me— 


d here taken of demonſtrating the above propoſitions in a mecha- 


ical manner, judging it beſt ad; apted to the capacity of thoſe for whoſe 


Bic this book is intended, not d outing but the teacher wi! U, as 1 al- 


*h do, demonſtrate them in a more geometrical manner to thoſe 
ho arc capable of receiving ſuch, 


— * — 


—— — 


— 


= TRIGONOMETRY. 


CE PLANE Trigonometry is the art of meaſuring plane triangles, by 
de. comparing the ſides and angles together byknownanalogies; . where= 
Bf 2 three things being given, a tourth may be found, on condition that 
vill ON of them be a fide : but as angles are meaſured by the arch of a 
the Circle, deſcribed upon their angular points, and the proportions that 
_— thele arches bear to right lincs cannot be exa xclly found; therefore the 
nl riters of 'I'r1; gonometry have applied right lines to theſe arches, that 
10 | F the proportion they bear to the fides of a plane triangle may be found. 
e- The right lines applied to a circle are: 
„ of iſt. A Cnoxsp, or the ſub- 2 
3 tenſe of an arch, is a right line / 
ſor! that drvides the circle into two 8 
the unequal parts, and is a chord 4 
ne- to them both, as DH is the 
ud chord of the arches D H and — 
we} SDAH. * 
cla} % 2d. A RicurT Sing of an 2 
8 arch, as a right Bine drawn from 15 
one end or termination of an 
ides| arch perpendicular to the ra 
op. dius, or it is half tlie chord of A. 
twice the arch; fo that R S is : et 
the ſine of the arch AS, and \ £ 
; 8 Z the coſine. \ = 
2d. A VERSTD SIN is that % | . 
£ 4 part of the diameter contained OT . 5 
D between the right fine, and r 
we arch, as R A and RCD, E 


8 and is the verſed {ine of S HD, or DE its equal. 
# 4 A TANGENT of an arch, is a right line drawn perpendicular 


i 4 to one end of the diameter, juſt touching the arch, as AI is the 


tangent of the arch, AS and HG the co- -tangent, 


A SE- 
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5. A SEcAvT of an arch is a right line drawn from the center 
through the circumference, and produced until it cuts the tangent, 
as C I. 

NoTE. The fine, tangent, and ſecant of the complement of an 
arch, is called the co- ſine, co-tangent, and co-fecant of that arch. 

The fines, tangents, and ſecants of an arch, are ſaid to be the 
mealure of fo many degrees, as that arch contains parts of 360 degrecs ; 
{o that the radius being the {ine of a quadrant, or a fourth part of a 
circle, contains 90, thus: the radius is always equal to the fine of 
90”, as is the chord of 60" and the tangent of 45”, all the three being 
each equal to the radius; and that the fine, tangent, and ſecant of 
an arch, is equal to the fine, tangent, and ſecant of an arch, as 
much above go degrees as the former was deficient of go ; thus the 


tine, tangent, or fecant of 80 is = 100%, of 70? is 110%, of bo! Þ 
is = 1209; of 40'is = 140?, &c. fo that in taking out the loga- 
rithms of ſines, tangents, or ſecants, for any number of degrees above 


oo, the given angle muſt be ſubtracted from 180%, and the loga- 


rithm of the remainder be taken; or ſubtract go? from the given 
angle, and take the log. co-ſine, co-tangent, or co- ſecant of the re- 


mainder. 


Notwithflanding cas has been ſaid in Geometry, it may not be 3 


improper here to obſerve that, 


1ſt. The feweſt number of right lines that can include a ſpace are 


three; which is called a triangle, or three-cornered figure, and con- 


ſiſts of {ix parts, viz. three ſides and three angles. 


2d. In every triangle the greateſt ſide is oppoſite the greateſt angle; | 


conlequently, the greateſt angle is oppoſite the greateſt fide. 
3d. In every triangle. equal ſides ſubtend or ſtand againſt equal 


angles. 


4th. In every plane triangle the three angles together are equal 
180. Sce Prob. 3d, in Geometry. 


Sth. If in a triangle, one angle be right or obtuſe, the reſt are 


acute; and if one angle in a triangle be right, the other two taken 


together make one right angle, or 90 ; wherefore if one of the 


acute angles, in a right-angled triangle, be known, the other is 
found by ſubtracting the known angle from 90. 


6th. In every plane triangle, if one of the angles be given or 


known, the ſam of the other two is found by ſubtracting the given 


angle from 180? ; and if two of the m_ be known or given, the 
third is found by ſubtracting their ſum from 1809, 


7th. The complement of an angle is what it wants of 90%. 


Sth. The 
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$th. The ſupplement of an angle is what it wants of 1809, 


gth. All angles are meaſured by the arch of a circle, deſcribed 
about their angular points with the chord of Co, and are ſaid to be 
greater or leſs, according to the number of degrees or parts to he 
contained between their legs; which legs may be ſuppoſed to be 
yards, miles, leagues, &c.; and are meaſured on a ſcale of equal parts. 


roth. A circle deſcribed with a chord of 609, the circumference, 
will contain four right angles or 360, the quadrant 90, and ſemi- 
circle 180. 


11th. The angles of two triangles may be reſpectively equal, al- 
though their ſides may be unequal. Therefore, among the things 


given, in order to find the reſt, one of them muſt be a ſide. 


In Trigonometry the three parts given in all triangles, muſt be 
either, 


iſt, Two ſides and an angle oppoſite one of them. 
2d. Two angles and a fide oppoſite one of theni. 
3d. Two tides and the included angle. 

4th. Three ſides. 


In either caſes, the other three things may be found by help of the 


table of logarithms, artificial ſines, tangents, and fecants, by the fol- 
lowing axioms : 


The 
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The Solution of the ſeveral Caſes in Plane Trigonometry depend upen 
four Prof o/tions called Axioms, which the Learner ſhould g get per feet by 
heart.H Hall here give the ff Awicm only, and the "reſt before we 
be. 4 7 Oblique Selling. 


In any right-angled ola ne triangle, a 
It the by pothenaſe > be made the radius of a circle, the other two 
fides, or legs, will be the fines of their oppotite angles; but , 


[f either of the legs, including the right angle, be made the radius 
of a circle, the other leg will be the tangent of its oppoſite angle, and 
the hypothenuſe the {ecant of the ſame angle; 

For let the three following triangles have their ſides and angles equal. 


2 


OT 7 A 
* . 
* 


So. 
— 


* 


* 


It is Plain, by comparing theſe with the fiiſt figure in I rigonometry, 
that taking the hypothenute A Bas radius in your compaſſes, and on 
A and B detcribe circles, CB will be the tine of the angle B AC, and 
CA will he the {ine of the angle AB C, and B C will be the tine of nal 
the arch B D, or the fine of half the angle B A D, being halt the 
chord of twice the arch ; but taking the baſe A C as a radius in your 
compaſſes, and with one foot in A deſcribe a circle, it is plain that 
CB will be the tangent, and AB the ſecant of the fame angle; but 
if C B, the perpendicular, be taken as the radius, and a circle be de- 
fertbed on B, then will A C be the tangent of its oppoſite angle 
ABC, and the hypothenufe the ſecant of the fane angle : for it 
thould be remembered, that when any one of the legs becomes a tan- 
gent of its oppolite angle, the hypothenuſe always accompanying it 
becomes the ſecaint of the fame angle. 1 1 

Now, ſince, by making any of the ſides of a right angie triangle 
the radius of a circle, we can readily find the n: ames or denomint | 
tions of the other fide, it comes next to be confidered w ba parts ol 8 
things are given, and What required, in order to ſtate the quettion. 4 = 
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In this cafe we ſhall compare Trigonometry with the Rule of Three 
in common arithmetic ; where we ae taught to conſider what name 
or denomination the anſwer is to be of, which names mult always be 
made the ſecond term in ſtating the queſtion ; it pounds are to be the 
fourth number, or anſwer, then pounds muit be the ſecond term; it yards 
2re to be the anſwer, then yards muſt be the ſecond term. As for 
example, if 60 yards coſt / 120, what will 90 yards colt ? Then 


pounds being wanted, pounds muſt be the ſccond term. 


If 6o yards coſt Y 120, what vill go yards coll ? 
90 


60) 108000 


180 Anſwer. 


It is the ſame in Trigonometry ; for if the fourth number, or an- 


ſwer, is to be an angle, an angle implied mult be the ſecond term, and 


ſides the firſt and third terms: but when a fide is required, it muſt 


be placed the ſecond term, and angles the firit and third terms, in 
ſtating the queſtion ; conſequently, in all queſtions in Trigonometry, 
it a fide is required, you muſt begin with an angle or radius, which is 
always conſidered as a given angle equal to 902; but when an angle 
is required, then you mult begin with a known ſide. 

In the Rule of Three we multiply the ſecond and third terms to- 
gether, and divide that product by the firſt term, and the quotient will 
be the fourth number ſought, and of the ſame denomination the ſecond 


term is of. Now, ſince addition of logarithms anſwers the purpoſe of 
= multiplication of whole numbers, and ſubſtraction that of diviſion, 


add the logarithms of the ſecond and third term together, and from 


their ſum ſubſtract the logarithm of the firſt term, the remainder 


. 
33 
* 


8 


will be the logarithm of the fourth term. 


As log. — 60 — 1.77815 
Is to log. of 120 — 2.07918 
80 18 log. — 90 — 1.95424 


Add 4.03342 
Firſt term ſub. 60 is 1.77815 


To anſwer 180 4.26827 


Here it is plain the logarithms give the ſame anſwer as that given 


by the Rule of Three. 


* 


In a right-angled triangle there are always two ſides, or the angles 
and one ſide given, to find the reſt. 


lo find a fide, any fide may be made radius; then ſay. as the 


| name of the given fade is to the given tude, ſo is the name of the ſide 


2 required 
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required to the fide required, which muſt be found among the loga- 
rithms. 

To find an angle, one of the given ſides muſt be made ra- 
dius ; then ſav, as the fide made radius is to radius, ſo is the other 
given fide to the ſine, tangent, or ſecant, by it repreſented ; which 
being looked for in the table of tines, tangents, and fecants, where 
will be found the degrees and minutes correſponding to the angle 
required, 


Solution of the Six Caſes in Right-angled Trigonometry, 
| CASE-L 
The Angle and Hypothenuſe given, ts find the Legs, 


Given, the Hypothenuſe A C 250 Leag. and the Angle oppoſite to 
the Baſe CB = 54” 30', to find the Baſe C B and Perpendicular A B. 


By CONSTRUCTION. 
Draw the baſe CB of any length, on 
C deſcribe the arch D E, from E to D lay 
off 35 30, thro' C and D draw a line, 
which muit be equal to 250; from A let 
fall the perpendicular A B, to cut C Bin 
B, and it is done; for CB will be 203.5, 
and A B = 145.2. | 


A 


By CALCULATION. 
By making the Hypothenuſe C A Radius, it will be, 
To fund the Baſe B C. To find the Perpendicular A B. 


As radius 10. ©0000 As radius 10. 00000 
Is to the hypoth. CAz25;0 2. 39794 | Is tothe hypoth. CA 250 2. 356794 
So is fine ung. A 54% 30 9. 91009 | So is line ang. C 35% 30” 9. 7639; 


— | ———S —__— 
12. 30863 12. 16189 
10. 00000 10. 00000 


— — 


To the baſe B C203, 5 1 30863 To the per. AB 145,2 2. 16189 


By making the Baſe Radius, the Proportion by Axiom the firſt, will be, 


To find the Baſe B C. | To find the Perpendicular A B. 
As ſec. ang. C 35 30 10. 08931 | As ſec. ang. C 35% 30“ 10. 08931 
Is to hypo. AC = 250 2. 39794 | Is to hypoth. AC = 250 2. 39794 
So is radius 70. 00000 | So is tang. ang. C 35% 30“ 9. 85327 
12. 39794 | 12. 2412 
10. 08931 | 10. 0843! 
— | — 
To the baſe BC= 203, 5 2. 30863 | To the per. AB 135,2 = 2. 16199 
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To find the Baſe B C. To find the Perpendicular AB. 
As ſec. ang. A 54 30 10. 23606 | As ſec. ang. A 54% 30“ 10. 23605 
Is to hypoth. A C250 2. 39794 | Is to hypoth. A C 250 2. 39794 
So is tang. ung. A 54" 30 10. 14673 | So ö radius 10. 00009 
12. 54467 12. 39794 
10, 23005 10. 23005 
To the baſe BC = 203,5 2. 30862 | To the per. AB 145,2 2. 16189 


from which it is eaſy to ſubtract the logarithm of the firſt term; 
vou may either cancel it, or leave it out; and then caſt off the firſt 
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37 
By making the Perpendicular Radius, by Axiom the firſt, it will be, 


NoTE. In the firſt ſtating, where the hypothenuſe is made radius, 
the ſum of the logarithms of the tecond and third terms are, 12. 3086 3 : 


or 


* figure towards the left hand, and it will leave the logarithm 2.30863, 


= the ſame as if 10.00000 had been ſet down and ſubtracted from it: 


> and indeed, the five cyphers may be always omitted in the radius, 
and ny 


the index 10. {ct down. 


[t will greatly expedite the working the proportions by logarithms, 


if the two or all the 1tatings be firſt made, and then the fines, tan- 


gents, or ſecants, may be taken out at one opening of the book; for 


i one angle of a right-angled triangle be given, the logarithm of its 


* complement, or the other angle, whether fine, tangent, or ſecant, 
is found in the adjoining column, without being at the trouble of 
ſubtracting the given angle from 90%. 


It the given angle be leſs 


than 45 degrees, it is found at the top of the table, and the minutes 


in the left hand column, reckoned downwards; and its complement is 
found at the bottom, and the minutes on the right hand column. 


On the contrary, if the given angle is found at the bottom, its com- 


plement, or the other angle, will be at the top of the table, and the 


minutes in the left hand column, againſt which is the log. fine, tan- 


of 
* 


= gent, or ſecant, correſponding to it. 


By GUNTER's SCALE. 
In all proportions wrought by Gunter's ſcale, when the firſt and 


> ſecond terms are of the fame kind, then the extent from the firſt 


term to the ſecond, will reach from the third to the fourth; 
Or when the firſt and third terms are of the ſame kind, 
The extent from the firſt term to the third, will reach from the 


= fecond to the fourth; that is, ſet one point of the compaſles on 
the diviſion expreſſing the firſt term, and extend the other point to 
the diviſion exprefling the ſecond term, then, without altering the 
opening of the compaſſes, ſet one point on the diviſion repreſentin 
the third terin, or ſecond term, and the other point will fall on the 
Jiviſion ſhewing the fourth term or anſwer, 


Now, in this laſt caſe, it will be thus: 


Extend 
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Extend from radius, or go? to 54* 30“ on the line of fines, that 7 
extent will reach from 250, the hypothenuſe, to 203, 5, the baſe, on . 


the line of numbers; and the extent from radius, or ſine of 99 
to 35 30 on the line of fines, will reach from 250 to 145 on 
the line of numbers. 

Obſerve the like in all that follows, except in thoſe proportions 
where the word ſecant is mentioned, which may be readily wrought 
by conſidering the hypothenuſe radius, as in the laſt caſe ; there 
being no line of ſecants on Gunter's Scale. 

Nor. Ihe radius, according to the nature of the proportion, may 


be any of theſe: 
8 Points on the Line of Rhumbs, | go? On the Line of Sines. 


4 Points on the Line of Tan. Rhbs. | 45 On the Line of Tangents, 


CASES II. and III. 
7 he Angles and one Leg given, Ie find the Hypothenuſe and other Leg. 


The Angle AC B 33 15), the Leg BC 325 Miles given, to find the 
Hypothenuſe and the other Leg. 


By CONSTRUCTION. 


Draw the line B C, which A 
make equal to 325 miles; on 
B erect the perpendicular BA; 
on C deſcribe an arch with the 
chord of o', and make the 
angle C = 332 15, through 
here that cuts the arch draw 
AC to cut A in A, and it is 
done; for B A being meaſur- 
ed on the ſame ſcale that BC B 
was, will be 213,1 and AC 325 
382, 6 miles. 

By making the Hypothenuſe A C Radius, it will be, 


To find the Perpendicular AB. To find the Hypothenuſe A C. 


As ſinc ang. A. 50? 45 9.92235 | As fine ang. A 545 9.9227 
Is to the baſe BC 315 2.51189 | Is to the baſe BC 325 2.51189 


So is fine ang. C 33% 15“ 9.73901 | So is radius go” 10.00009 
12.25089 I2.51180 
9-92235 | 99223 


— 


To the perpen. AB 273,1 2.32854 | To the hypoth. A C 388,6 2.58953 
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To find the Perpendicular AB. 
As radius go? Io. ooo 
Is to the baſe BC 325 2.51188 
So is tang. ang. C33 15 9.81666 


12.32854 
I0.00000 


To the perpen. AB 213,1 2.32854 


| 
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By making the baſe BC Radius, it will be, 


To find the Hypothenuſe AC. 
As radius go 10. oo 
Is to the baſe BC 225 2.51188 
So is ſec, ang. C 33* 15' 10.07765 

12.58953 
ro. ooo 


To the hypoth. A C 388, 6 2.58953 


By making the Perpendicular AB Radius, it will be, 


> To find the Perpendicular AB. 
© As tang. ang. A 50 45 10.18334 
Ils to the baſe B C 325 2.51188 


So is radius go? I0.00000 


—— 


— 


12.1188 
10. 18334 


: ; To the perpen. AB 213.1 2.32854 


| 


To find the Hypothenuſe A C. 
As tang. ang. A 5045 10. 18334 
Is to the baſe BC 274 2.51188 
So is ſec. ang. A 5045 10. 26099 


12.777287 
10.18334 


| 


To the hypoth. AC 388.6 2. 589 53 


By GUN T E R. 


Extend from 56 degrees 45 minutes to 33 degrees 15 minutes on 
the line of ſines, that extent will reach from the baſe 225 to the per- 
pendicular 213, 1 on the line of numbers.” 

* a2dly. Extend from 56 degrees 45 minutes to radius on the line of 
ſines, that extent will reach from the baſe 325 to the hypothenule 


388, b onthe line of numbers. 


CAS E IV. aud V. 
The Iypothenuſe and one Leg given, to find the Anzles and other Leg. 


> The leg AB gr, the Hypothenuſe 170 given, to find the Angle 
A CB, or BAC, and the leg BC. 


By CONSTRUCTION. 


> Draw BC at pleaſure, on B 
+ erect the perpendicular BA, which 
make equal to 91, take 170 in 
Jour compaſſes, and with one 
Hoot on A, lay the other on the 
line B C, and join A and C, and 
it is done; for the angle C will 
be 329 22“, the angle A 57 380 
and BC 143,6. | 
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By making the Hypothenuſe Radius, it will be. 


To find the angle C. 
As the hypothenuſe 170 2.23045 
Is to the radius 10.00900 
So is the perpendiculargt 1.95904 


— 


11.959004 
2.23045 
— 


9.728 59 


To fine angle C 32 22 


| 


To find the baſe CB. 
As Radius 


Is to the hypoth. 150 2.23045 


So is fine ang. A 57% 38“ 9.92667 


By mak ing the Perpendicular Radius, it will be, 


To find the Angle A. 


As the perpendicular 91 1.95904 
1s to the radius 10.00000 
So is the hypoth. 159 2.23045 
12.230435 

1.95904 


To ſec. ang. A 57 38 10.27141 


10.00020 

To the baſe 143, 6 2.15712 
To find the Bale B C. 

As the radius 10.00009 

Is to the perpend. 91 1.95904 


So is tang. ang. 57 38“ 10. 19805 


12.15709 
10.0090 


To the baſe 143,6 


By GUN'T ER. | 
Extend from hypothenuſe 170 to the perpendicular 69 on the 


line of numbers ; that extent will reach from radius to ſine angle C 


32 degrees 22 minutes on the line of ſines. 


2dly. Extend from radius to fine angle A 57 degrees 38 mi- $ 
nutes ; that extent will reach from the hypothenuſe 170 to the baſe 


243 on the line of numbers.” 


CASE 

The Legs given, to find the Angles and Hypothenuſe. E: 

The Legs AB 890, BC 787 given, to find the Angle BAC, or 
ACB, and the Hypothenuſe A C. 54 


By CONSTRUCTION. 


Make BC =787, and on ; erect the perpen- A 
dicular B A, which make equal to 890; join © 
AC, and it is done; for the angle C will be 
48* 31“; confequently the angle A 41* 20 and Q 


hypothenule 1188. 


VI. 


O0 
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2.15709 if 
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By making the Baſe Radius, it will be, 


To find Angle C. | To find the Hypoth. AC. 

As the baſe 787 2.89597 | As radius 10.00000 
Is to radius 10.00000 | Is to the baſe 787 2.89597 
So is the perpend. 890 2.94939 | So is ſec. ang. C48 ˙31“ 10. 17888 

2.94939 13.0748 
2.89597 10.00009 


To tang. ang. 48* 31” 10.05342 To the hyp@th. 1188 3-07485 
| By making the Perpendicular Radius, it will be, 


To find Angle A. To find the Hypoth. AC. 
„As the perpend. 890 2.94939 | As rad:us 10.00008 
Is to radius 10.00000 | Is to the perpend. 890 2.94939 
5 So is the baſe 787 2.89597 So is ſec. ang. A 41 29 1012543 
ö : 12.89 597 LS 13407402 
» | 2.94939 : 10.00000 
F X To tang. ang. A 41 29 9.94658] To the hypoth. 1188 5 3.07462 
| By GUN T E R. 

The extent from 787 to 890 on the line of numbers, will reach 

„ XX fromradius (or 45 degrees) to 41% 29 on the line of tangents. 


 A2dly. The extent from fine angle A 48 degrees 31 minutes to 
radius, or 90 degrees, will reach from the baſe 787 to the hypothe- 
= nuſe 1188, on the line of numbers. 


Queſtions to exerciſe the Learner in Trigonometry. 


Que. 1. The hypothenuſe 496 miles, and the angle oppoſite 

do the baſe 56515 given, to find the baſe and perpendicular. 

3 -r/. Baſe 412,4, and the perpendicular 275, 6 miles. 

duet. 2. The perpendicular 275 leagues, and the angle oppoſite te 

or the bale, 5615 given, to find the hypothenuſe and baſe, 
An. The hypothenuſe 495, and baſe, 411,6 leagues, 

O12. 3. The baſe 33 yards, and the angle oppoſite to the per- 

= pendicular 53* 26 given, to find the hypothenuſe and perpendicular. 

An. Hypothenuſe 55 39“ and the perpendicular, 44,49 yards. 


Queſt, 4. The hypothenuſe 575, and perpendicular 50 miles 
given, to find the baſe. 


Au. Baſe 283, 6 miles. 
= Yurſt, 5. The hypothenuſe 59 and the baſe 33 miles given, to 
find the perpendicular. 

. Perpendicular 48,9 miles. 


, Weſt 5 The baſe 33, and perpendicular 52 leagues given, to 
nd the hypothenuſe. 


Anſ. Hypothenuſe 61,59 leagues, 
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3 we begin Navigation, it may not be improper to give 
tne Learner ſome idea of the Syſtem of the Univerſe, com— 

20nly called the Solar, or Copernican Syltem, which is as follows: 

The Sun, that immence and amazing globe of fire, the foun- 
tain of the heat and light of the whole fy ttc m, is placed near the 
common center of the orbits of ſeven opaque ſpherical bodies, 
which make their revolutions round it in lets or more time, ac- 
cording to their {everal diſtances from tt. 

Mercury | is neareſt to the Sun, and receives its light and heat 
from it, and revolves round it in an ellipſis in two months and 
twenty-cight days. 


Venus is ſomewhat higher in the ſyſtem, and deſcribes its 2 
ellipſis round the Sun in ſcven months and fifteen days, and be- 


comes our evening and morning {tar by turns. 


The Earth is next to Venus, and deſcribes an elli pſis round the 
Sun in 3653 days, or one year, which being at a greater diſtance 
from the Sun than the former planets, and therefore receiving lels 


of its light and heat, to make up the deficiency, the wiſe Author 


of nature has cauſed a ſecondary planet, called the Moon, to move 3 


round it in 27 days, 12 hours, and 44 minutes; it receives its 
light and heat from the Sun, and reflects it upon the Earth, whict 
in ſome meaſure compenſates for the abſence of the Sun, during 
the winter ſeaſons, in the North and South. 

Mars is ſtill higher in the ſyſtem, and takes a larger circuit, re— 
volving round the Sun in 1 year, 10 months, and 22 days. 

Jupiter is the largeſt of all the planets, and deſcribes a large 
elliphs round the Sun in 11 years, 10 months, 27 days; there ar 
four Satellites or Moons moving round it; they receive their ligit 
from the Sun, and reflect it upon their primary planet, as the 
Moon docs upon the Earth. 

Saturn revolyes round the Sun in 29% years, has 5 Moons which 
move round him, and is allo lurrounded With a prodigious ring ot 


atmoſphere. 
The 
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The Georgium Sidus, is the moſt remote of all the planets, and is 
attended by two fatellites : the firſt or near et of which performs 
a ſvnodical revolution in about eight days and three-quarters. 

: The fecond (which is about half as far again diſtant from its pri- 
mary planet) is about thirteen days and a halt in performing its ſyno- 
| dical revolution. 

5 ; The fixed ſtars, are \-ppoled to be of the ſame matter with the 
daun, and made for the tame ends; each of them the centre of its 
3 own proper ſyſtem, having planets moving round it as our Sun 
== has. | 

Comets are a ſort of planets moving round the Sun, in ellipſis 
ſo very oblong, that their viſible parts ſeem to be in a manner 
parabolical, but have ſuch vaſt atmoſpheres about them, and 
tails derived from the ſame, eſpecially when they come near the 
Sun, as imply them deſigned for very different purpoſes from the 
other planets. | 

Having given a curſory view of the Syſtem of the Univerſe, 
we ſhall now contider the Earth a little more particularly; a per- 
fect knowledge of the figure and motion of which, with various 
real and imaginary lines upon it, is abſolutely neceſſary in the 
Art of Navigation. : 

The land and water of this Earth, or Planet, upon which we live, 
make a compoſition of a ſpherical form, or rather an oblate 
figure, called the Terraqueous Globe, which by turning round 
its axis every 24 hours, from Weſt to Eaſt, cauſe all the heaven! 
bodies to revolve apparently from Eaſt to Weſt in the ſame time, 
making the vicithtudes of the day and night ; and this Earth, to— 
gether with its moon by moving round the Sun in 1 year, or in 
365 days 6 hours nearly, produce the ſeaſons of the year, viz. 
\Winter, Summer, Autumn, and Spring. 

The Earth is endued with a wonderful principle of gravitation, 
hereby all its parts are ſtrictly united together; and all bodies 
chat are looſe upon it, clofely adhere to its ſurface, tending di- 
Arccly to its centre. Hence it is, that ſhips are able to fail with 
he fame facility every where (void of impediments} upon the 
{urtace of the Sea, quite round the Terraqueous Globe, and that 
(as to ſenſe) there is no tuch thing as an upper or lower part of 

the Earth; for let the inhabitant be in what part ſoever, he will 
there gravitate towards the Earth's centre, and imagine himſelf to 
be on the higheſt point of its ſurface; from whence he will ob- 
& icrve the Heavens like a large vault over his head, and his Anti- 
= podes he will imagine to be diretly under him, as they will 
alſo their's for the like reaſon. 

According to this Jaw of Gravity, if the Earth were at reſt 
(and not acted upon by any other power) and its parts looſe, or 
is turface all over covered with a deep fluid; it would naturall 
orm itſelf into a true Sphere or Globe. But admitting the Earth 
7 F 2 revolves 
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revolves about its own axis, with a rapid motion (from Weſt to 
Eaſt) in 24 hours, the gravity towards its centre will thereby 
be diſturbed, and all the parts endeavour to fly off from the 
axis of the motion; and this inclination is greateſt in that part 
of the ſurface, which is at the greateſt diſtance from the axis; and 
conſequently, the gravity towards the centre is there the leaſt : 
whence it will follow, that thoſe parts which gravitate the leaſt, 
mult yield or give way to thoſe that have a greater gravitation, to 
reſtore an equilibrium ; and conſequently, here will be formed a 
Spheroid, whoſe greateſt diameter will be perpendicular to the 
axis of motion, (commonly called the Earth's axis) and the ſhorteit 
diameter will be the axis itſelf. 


It is demonſtrated by the writers of mechanics, that the times 
of the periodical vibrations of all pendulums of equal lengths, are 
in a certain proportion to the gravity by which they arc acted i 
upon ; and it has allo been demonſtrated, that gravity acts in a 4 
certain proportion to the diſtance from its centre. Hence, by the 
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help of pendulums, we may find the proportion of gravity upon 


any part of the Earth; and conſequently, the proportional diſtance E 
of that part to the diſtance of any other part from the Earth's “ 
centre. Now, it has been found by experience, that the degree of 
gravitation upon the Earth's ſurface under the EquinoCtial, is to 


the ſame in any Parallel of Latitude, in the ſame proportion (as 


near as obſervation could be made) that it would be, if the whole 
body of the Earth was compoſed of a fluid ſubſtance, and fo formed 
itſelf into ſuch a figure, as abovementioned. Hence, we may in- 
fer, that the Earth is a Spheroid ; and its greateſt diameter (which i 
is under the Equinoctial) is computed to be to the lefler diameter, 4 


(which is under the Poles, or the Earth's axis) as 289 to 288; 
and conſequently, the ſpace upon the Earth's ſurface, anſwering to 
a degree of a great circle where it is greateſt, (or under the 
EquinoCtial) is to the ſpace anſwering to a degree near the Poles, 
(where it is leaſt) as 289 to 288; or as a 1000 to 996, 5 nearly: 
but this difference is ſo ſmall, that in all aſtronomical and geo- 
graphical caſes, the figure of the Earth may be eſteemed truly 


ſpherical, though the ſmall difference from it does ſenſibly attect ; 


the motions of pendulums. 

That the Earth is round, or nearly ſo, will appear, not only 
from the circular ſhadow it has upon the Moon, when that body 
happens to be eclipſed by it, but alſo from the very appearance of 
the Sea, and the many obſervations made by perſons ſtanding upon 
the ſhore, and viewing a ſhip departing from the port: they firſt loſe 
ſight of the body of the veſſel, whilſt they can till ſee the rigging 
and uppermoſt ſails ; but as rhe ſhip recedes farther, they loſe fight 
of theſe alſo, as if the whole were ſunk in the deep. Again, in 
a ſhip making towards land, the mariners firſt deſcry the tops of 
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ſteeples, trees, &c. pointing above the water; next, they ſee the 
buildings themſelves; and laſtly the thore, which can only be the 
effects of the Earth's rotundity. 

Its being a globe, is alſo confirmed by the many voyages which 
have been made round it, from Eaſt to Weit : firſt by Magellan's 
ſhip in the years 1519, 1520, 1521, in 1124 days; by Sir Francis 


1 Drake, in the years 1577, 1579, 1579, 1580, in 1056 days; by 


the late Lord Anſon, in 4 years; and lately by the captains Byron, 
WF Cartcret, Cook, and Clark, accompanied with ſeveral able mathe- 
W maticians and naturaliſts, whoſe obſervations and diſcoveries do 
honour to this nation, as well as greatly contribute to the im- 
provement of Geography and Navigation: they have diſcovered 
many iſlands in the South Seas, which formerly were unknown 
to Europeans. 

The little unevenneſſes of the Earth's ſurface, ariſing from the 
hills and vales, is no material objection to its being conſidered as 
round; ſince the higheſt hill or mountain bears not ſo great a pro- 
portion to the bulk of the Earth itlelf, as the little riſings upon the 
coat of an orange, bear to the bigneſs of that fruit. 

In order to deſcribe the poſition of places, geographers have 
found it neceſlary to imagine certain circles drawn upon the ſurface 
of the Earth; to which they have given the names of Equator, 
Meridian, Horizon, Parallels of Latitude, &c. 

I I, The Axis is a ſtraight line, imagined to paſs through the 
| centre of the Earth; the extreme points are the poles, on which 
the Earth is ſuppoſed to move, one called the Artic or North Pole, 
|! 
J 


2 


, 5 
len 


and the other, the Antartic, or South Pole. 
II. The Equator is a great circle under the Equinoctial line in 
the Heavens, compaſſing the Earth in the middle, between the two 


Poles, and divides it into two equal parts, called the Northern 
and Southern Hemiſpheres: from it the latitude of places is rec- 
koned either North or South; and on it are counted the degrees 
of longitude from Eaſt to Weſt, This circle is called the Equator, 
becaule when the Sun comes to it, which is twice a year, viz, 
about the 2 1ſt of March, at his entrance into Aries, and again into 
Libra about the 23d of September, then, making equal day and 
pight throughout the world, 
III. The Meridians are circles which paſs through the poles 
Wo! the Earth, the Zenith and Nadir; crofling the Equator at right 
angles, and divide the Earth into two equal parts, one Eaſt and 
tte other Weſt ; and is ſo called, becauſe when the Sun comes to 
he mcridian of any place, it is then noon or mid-day. They are 
Infinite in number, for all places from Eaſt to Welt have their 
everal meridians; of theſe one is called the firſt or chief Meridian, 
rom which the longitude of places is reckoned; it is of ſpecial 
Note and uſe, but variouſly placed by geographers, ſome placing it 
at 
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at London, others at Paris, Tenerifie, &c. and is divided into twice 
go degrees, numbercd from the Equator towards each Pole, ending 
in 9o degrees, and ſince the Earth turns once round its axis in 24 
hours, every point upon its ſurface deſcribing a circle of 300 de- 
grees in that time; therefore, any place lying 15 degrees to the 
Eat of us, has the Sun upon its meridian one hour ſooner ; or it 
is twelve o'clock with the caſtermoſt, when it is eleven with us ; 
and any place 15 degrecs to the weſtward of us, has the Sun one 
hour after us. 

IV. Latitude is the neareſt diſtance of any place from the Equa- 
tor; it is meaſured on an arch of the meridian, intercepted between 
the place and the Equator, and therefore can never exceed 9o de- 
grees, It takes its name according as the place is ſituated, either 
North or South of the Equator; therefore, all places that lie at 
the ſame diſtance from, and on the ſame fide of the Equator, are 
ſaid to be under the ſame parallel of Latitude. Whence it fol- 
lows, that if a {hip fails from a North Latitude directly North, or 
in a South Latitude directly South, ſhe encreaſes her Latitude 
equal to the diſtance tailed; and if a ſhip ſails in North Latitude 
{outherly, or in South Latitude northerly, the decreaſes her Lati- 
tude, becauſe ſhe ſails nearer the Equator, from whence the La- 
titude is counted upon the Meridian : but if a ſhip fails from a South 
Latitude into a northerly one, or from a North Latitude into a 
ſoutherly one, from the difference of Latitude ſubtract the Lati- 
tude left, and the remainder will be the Latitude come to, and of a 
different name with the Latitude left. 

Parallels of Latitude are circles parallel to the equator. 

The difference of Latitude is an arch of the meridian contained 
between the two Parallels of Latitude; or it is the leatt diftance of 
the Parallels of Latitude of two places: ſhewing how far one of 
them is to the northward or ſouthward of the other, and can never 
exceed 180 degrees. 

V. The Longitude of any place on the earth is expreſſed by an 
arch of the equator, ſhewing the eaſt or weft diſtance of the me- 
ridian of that place, from ſome fixcd meridian, where longitude is | 
reckoned to begin. 

Difference of Longitude is an arch of the Equator, intercepted 
between the meridians of two places, ſhewing how far one of them 
is to the eaſt ward or weſtward of the other. 


—— 


Norte, Here the Teacher will perhaps find it convenient to have 
Globe, or Map of the World before him, whereon he can point out the 
ſeveral Poſitions, Latitudes, Longitudes, « &c, to the Pupil, as that will 
ſtrengthen his memory, and give him a better idea than he can pol- 
fibly have by only reading them over. The ſame may be obſerved m 
reading the uſe of Gunter's Scale and the Quadrant. A \ 

$ | 
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As Longitude begins at the meridian of ſome place, and is count- 
ed from thence both eaſtward and weſtward, till it meets at the ſame 
meridian on the oppoſite point, therefore the difference of Longi- 
tude can never exceed 190 degrees. 

VI. The Horizon, is that apparent circle which limits or bounds 


the ſpectator being always ſuppoſed the centre of his horizon. 
Every part of this circle is 90 degrees from the centre of it over 
our heads, which point is called the Zenith; and the point of the 
Heavens oppoſite to it, or under our feet, is called the Nadir. 

When the ſun or ſtars come above the caſtermoſt part of the 
Horizon, they are ſaid to riſe; and when they deſcend the weſtern 
part they are ſaid to ſet, 

When a ſhip is under the Equator, both the poles appear in the 
Horizon, and, in proportion as the fails towards either, or increaſes 
her latitude, that pole is ſeen proportionably above the Horizon, 
and the other diſappears as much; but when a ſhip is failing to- 
wards the Equator, or decreaſes her .latitude, ſhe deprefles the 
elevated pole; that is, its diſtance from the Horizon decreaſes : 
conſequently, the latitude of a place is always equal to the eleva- 
tion of the pole above the Horizon. 

This circle is repreſented by the Mariner's Compaſs, divided into 
32 points or rhumbs, each 11? 15. 

The Tropics are two circles parallel to the Equator, and diſtant 


from it 23 degrees 29 minutes; that on the north fide of it is 
called the Tropic of Cancer, at which the Sun has its greateſt 
north declination ; then making to us, and all places in north Jati- 
E tude, the longeſt day and ſhorteſt night, which is about the 21ſt of 
June. The other on the ſouth fide is called the Tropic of Capri- 
corn, at which the ſun has its greateſt {outh declination, making 


then our ſhorteſt day and longeſt night, which is about the 22d of 


December. 


The Polar Circles are alſo parellel to the Equator, compaſhng 


£ * 
the poles of the world at 23 degrres 29 minutes diſtance; that about 


the North Pole is called the Attic Circle, and the other is called 
the Antartic Circle. | 
E Theſe Tropics and Polar Circles divide the globe of the earth 


into 5 parts, called Zones, of which 3 were accounted by the An- 


= cicnts to be ſo intemperate as to be uninhabitable ; the Zones are 


called Torrid, Frigid, and Temperate ; that is, 1 Torrid or Burn- 


ing Zone, 2 Temperate, and 2 Frigid or Frozen Zones. 


Phe Torrid Zone, is all that ſpace of the earth and fea which 


lies between the Tropics of Cancer and Capricorn, and is 47 degrees 


K broad; its inhabitants ſee the ſhadow of the ſun turn ſometimes 
towards one pole, and ſometimes towards the other, 
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The two Temperate Zones are thoſe ſpaces of the earth and fea 


contained between each Tropic and the Polar Circles; the inha— 


bitants of the North "Temperate Zone have their ſhadows at noon 
fall north, and thoſe of the South Jemperate Zone have their 
ſhadows at noon fall ſouth, 


The two Frigid Zones are contained between each Polar Circle 


and its pole; thoſe who inhabit them have their ſhadow always 


running round them, according to the different motions of the! 


ſun. 


Climates are thoſe tracks of the earth bounded by imaginary 8 


lines running parallel to the Equator, and of ſuch a breadth from 


fouth to north, that the length of the artificial day in one fur— 4 


paſſes that in the other by halt an hour, 


The inhabitants of the earth are diſtinguiſhed by the ſeveral 2A 


meridians and parellels under which they live, and are denomina- 


ted either Perizci, Antiæci, or Antipodes. 


The Periæci are thoſe people of the carth who live under the 
ſame parallels, but oppot:te meridians. 

The Antiaci are thoſe people of the earth who live under the 
{ame meridians, but oppoſite parallels, 

The Antipodes are ſituated directly oppoſite to each other, the 
fect of the one directly againſt the fect of the other, lying under op- 
pol: te parallels and oppolite meridians. It is midnight with one 
whenit is noon day with the other; the longeſt day with the one 
3s the ſhorteſt with the other; the length of the day with the one 


is equal to the other's night; and the ſeaſons are oppoſite; being 


ſummer with the one whe n it is winter with the other. 


't he Real Parts are earth and water, generally divided into four 4 
parts or quarters, called Europe, Alia, Africa, and America; each 
of theſe, and conſequently the whole globe, is divided into conti- 


nents, iſlands, ſeas, &c. 


A Continent is a great quantity of land not divided by the ſea, 
wherein are ſeveral empires, kingdoms, and countrics conjoined, 4 
as Europe, Aſia, and Africa, is one Continent, and America another. 


An iſland is a part of the earth that is environed or encompaſe 
round by the ſe a, as Great Britain and Ireland. 


A Peninſula is a part of land almoſt ſurrounded with water, fave 


one narrow neck of land which joins the ſame to the Continent. 


An Iſthmus is a narrow neck of land | Joining the Peninſula to the v9 A 


Continent, by which the people may paſs from one to the other. 


A Promontory is a high part of land, ſtretching itſelf into the ſea, Y 5 


the extremity of which is called a Cape or Headland, 


8 


T TIA 
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A Mountain is a riſing part of dry land over-topping the adjacent 


country, and appearing firſt at a diſtance. 


The carth being encompaſſed with water, whoſe waſhings, in ſur-# þ 


rounding the dry land, cut and ſhape many winding bays, creeks, 
an 
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and meandering inlets, and extending itſelt round them all, is but one 
continued ocean. 

An Ocean, is a vaſt collection of ſalt water, ſeparating Continents 
from one another, and waſhing their borders or ſhores. 

A Sea is part of the Ocean, to which we mult tail through ſome 
Strait, as the Mediterranean and Baltic Seas. 

A Strait is a narrow part of the Ocean lying between two ſhores, 
and opening a way into ſome ſea, as the Straits of Gibraltar that lead 
into the Mediterranean Sea, and the Sound which leads into the Bal- 
tic Sca. 

A Creek, is a {mall narrow part of the ſca or river, that goes up 
but a little way into the land, 

A Bay, isa great inlet of the land, as the Bay of Biſcay, and the 
Bay of Mexico ; otherwiſe a Bay is a {tation or road for thips to an- 
chor in. 

A River, is a conſiderable ſtream of water iſſuing out of one or 
various ſprings, and continually gliding along in one or more chan - 
nels, till it diſcharges itlelt into the Ocean: The leiler ſtreams are 
called rivulets. 

A Lake is that which continually retains and keeps water in it, as 
the Lake Zair, in Africa, and Nicaragua, in America. 

A Gulph, 1s a part of the Ocean or Sea, contained between two 
ſhores, and is every where environed by land, except its entrance, 
here it communicates with other bays, ſeas, or oceans 

There are five oceans, namely, the Northern, the Atlantic, the 


Pacific, the Indian, and the Southern. 


The Atlantic Ocean is uſually divided into two parts, one called the 
North Atlantic Ocean, and the other the South Atlantic, or Ethiopic 
Ocean, 

The Northern Ocean ftretches to the northward of Europe, Aſia, 
and American, towards the north pole. 

The Atlantic Ocean lies between the Continents of Europe and 


=X Africa, on the eaſt, and America on the weſt. 


That part of the North Atlantic Ocean lying between Europe and 
America, is frequently called the Weſtern Ocean. 
| he Pacific Ocean, or, as it is ſometimes called, the South Sea, is 


| bounded by the weſtern and north-weſt ſhores of America, and by 


the caſtern and north-eaſt ſhores of A ſia. 
The Indian Ocean waſhes the ſhores of the Eaſtern Coaſts of 


Africa, and the ſouth of Aſia, and is bounded on the eaſt by the 
q Indian iflands and the Southern Continent. 


The southern Ocean extends to the ſouthward of Africa and Ame- 


| rica towards the South Pole. 


(3 NAVIGATION, 
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NAV DAT TON; 


RE great end and buſineſs of N avigation is to inflruct the 


Marimer how to conduct a ſhip through the wide and nap 
leſs ocean, to the remoteit parts ot the world, the ſafeſt and 
ſhorteit way, in paſſages navigable. 


For the due and regular performance of which are requiſite — . 


a perfect knowledge of the figure and motion of the earth, the 


Various real and im: ag 


tain the real diſtance and fituation of places with reſpect to one 


another, with the uſe of the ſeveral inſtruments made uſe of in 
meaturing the ſhip's way; ſuch as the log, halt-minute glats, 
quadrant, to take the An de of the ſun and ſtars; compals, to 
reprelent the ſenſible horizon; and azimuth compaſs, to take the 
aznnuth or amplitude of the fun, in order to know the variation 


ot the magnetic needle ; maps or charts of the ſeas and lands to- 


gether with the depth of water, the times and ſettings of the 


tides upon the coaſts he may have occaſion to approach near ; a 


competent knowledge of currents ; of the mould and trim of the 7 


ſhip, and the fail ſhe bears, that ſo due allowance may be made 


for leewav : By help of theſe, and ſkill in the Navigator, he may 
know at all times the place the ſhip is in, which way he mult | 


ſteer, and how far, to gain his intended port. 


Notwithſtanding what has been ſaid, it may not be improper *# 


here to obſerv e. that, 
As latitude is counted from the Equator upon an arch of the 
meridian, north and ſouth, the diſterence of latitude between 


two places, both north or both ſouth, is found by ſubtracting the : 


lets latitude from the greater; but if one latitude be north and 


the other ſouth, the difference is found by adding both latitudes | 


together. 
Conſequently, it a ſhip in north latitude ſails northerly, or in 


ſouth latitude toutherly, ſhe encreaſes her latitude, but in north 


latitude failing ſoutherly, or in {outh latitude failing northerly, 


ſhe decreaſes her latitude ; becauſe ſhe ſails nearer to the Equator, 


from wherice the latitude is reckoned, 


Wherefore in north latitude e ſailing northerly, or in ſouth lati- A 
tude ſailing ſoutherly, the difference of lat! tude added to the lati- | 


tude left, gives the latitnde in. 


In north latitude failing ſoutherly, or in ſouth latitude ſailing ® 
northerly, the difference of latitude ſubtracted from the lait de 


left, gives the latitude in. 
Wen 


ginary lines upon it, fo as to be able to aſcer- 
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Minen the latitude decreaſes, and the difference of latitude is 
Fc greater than the latitude failed from, ſubtract the latitude left from 
the difference, and the remainder will be the latitude in, and of a 
different name; for it is plain, in this caſe, that the ſhip has crof- 
© ſed the Equator. 

As the longitude is counted from the firſt meridian eaſt and 
E welt, until it comes to the oppolite meridian, therefore it cannot 
exceed 180 degrees. | 

Ihe difference of longitude between two places, being both eaſt 
or welt, is found by ſubtracting the leſs longitude from the 
greater: but if one be in eaſt longitude and the other in weſt, 
their ſum is the difference of longitude. 

Therefore in calt longitude failing eaſterly, or in weſt longi- 
E tude ſailing welterly, the difference of longitude added to the 
= longitude left, gives the longitude in. 

In eaſt longitude failing weſterly, or in weft longitude ſailing 
© eaſterly, the difference of longitude ſubtracted from the longitude 
left, gives the Jongitude in. | 

When a ſhip fails eaſt or weſt, until ſhe paſſes the oppoſite me- 
© ridian, or 180 degrees, ſhe changes her longitude, or comes into 
© a longitude of a different name. 

What has been ſaid, will be rendered familiar to the learner by 
the following examples: 


3 Exam, I. What is the difference | Exam. II. A ſhip from latitude 


From London's lat. 
ubtract Rome's lat. 41: 54 N. 
Rem. the diff. of lat. 


| 8 Di. in miles 578 


Cape Finiſterre's lat. 


of latitude between London in 
latitude 51 32 N. and Rome in 
latitude 41 54“ N? 


51 : 32N. 


Q : 38N. 
60 


* Exam. III. Required the dif- 


terence of latitude between Cape 
Finiſterre and Cape Rogue in 
South America? | 


0 / 
42 : 52N. 


Cape Rogue's lat. 6 1 88. 
Diff. of lat, 47: 52 

= 60 
Diff. in miles 2872 

9 G 2 


20 178. fails ſouthward until 
her ditference of latitude be 374 
miles, what latitude 1s ſhe come 
to? 


Latitude ſailed from 29 : 178. 
Diff. of lat. 374 ＋ 60 = 6 : 148. 


— 


Lat. in — 35.3 318. 


Ex Au. IV. A ſhip from latitude 
8 25“ N. ſails ſouth 600 miles, 
what latitude 1s ſhe 1n ? 


From diff, of lat. 600 * 


— 1109 do 8. 
Sub. lat. left 8 : 25 N. 


Diff. lat. in — 4 6Vo 
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In the laſt example it is plain, that as the difference of latitude 
1s more than the latitude left, the ſhip muſt have crofled the 
Equator, and conſequently come into ſouth latitude. 


NoTE. When one of the places has no latitude, or is on the 
Equator, then the latitude of the other place is their difference 


ot latitude. 


EX AM. V. What is the difference 
of longitude between Cape Finit- 
terre and eaſt point of Burbadoes ? 


Cape Finiſterre's long. 9 : 14W. 

Barbadoes' long. 69 : 37 W. 

Diff. of long. 60 23 W. 
60 

Diff. in miles 3023 


Exam. VII. What is the differ- 


ence of longitude between Bur- 
cclona and Liſbon ? 


Barcelona's long. 2-: 19 E. 
Liſbon's long. 1 
Diff. of long. 11: 26W. 


Exam, IX. What is the difference 
of longitude between the N. E. 
point of Japan and St. Chriſto— 
pher's ? 


N. E. of Japan's long. 140: 25 E. 
St. Chriſtoher's long. 62 : 42 W. 
Exceeds 180 oo 203: 07 
300 : oo 


Diff. of long. 156 1 3 33 


Exam, VI. 


Charles in Virginia ſails weſt— 


ward, till her difference of lon- 
gitude be 400 miles, what longi- 


tude is ſhe in ? 


Cape Charles's long. 
Diff. of long. 400 miles = 6 : 40 W. 


82 : Zo W. 


ExAur. VIII. A ſhip from 1 5 40 
E. long. fails weſtward till her 
diff. of long. be 27% 15, what 
long. 1s ſhe in ? 

Long. left - 156 2 40 . 

Diff. of long. 27 1 


Long. in — 


Long. in — 11 38. 


Exam. X. A ſhip from longitude 
16020 W. fails weſtward until 


# Me - if Al bf 2 my "gs; 
— x — 


A ſhip from Cape 3 


>: : cow. i 


ſhe differs her long. 412 20% what 


long. is ſhe in? 
Long. left — 


Diff. of long. 


201: 40 
360 : oo 


— —ę— 


Long. in _ 158 


croſſed the oppoſite meridian, and 


therefore has come into a longitude RF 


ot a diflerent name. 


: 20 EL. 


Here it 1s plain, that the ſhip has f E 


In failing due north or ſouth, the ſhip changes her latitude only; 
and failing eaſt or weſt her longitude ; but failing upon any other 
courſe, ſhe muſt change both latitude and longitude. = 


Faſting or weſting in Plane Sailing is called Departure or Meri: : 3 


dian Diſtance, 


The 


160 : 20. 
4l : 20\W, I 
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The inſtrument uſed in meaſuring a ſhip's way at ſea, is the 
Log. 

Ships at ſea are directed from one place to another by means of 
an inſtrument called the Mariner's Compals. 

The Mariner's Compaſs is an artificial repreſentation of the ho- 
rizon of every place, by the means of a circular piece of paper, 
called a card, divided like the horizon into degrees and points, 
which are called Rhumbs. Now the card being properly fixed to 
a piece of ſteel, called the Needle, that has been touched with a 
loaditone (whoſe property is ſuch as to cauſe one end of the 
needle ſo touched to point towards the north, when turning 
freely on ſomething ſupporting it) all the points of the card will 
be directed towards the correſponding points of the horizon: 

Hence it follows, that in every place the north point of the 
card ſhews the poſition of the meridian of that place, and ſome one 
rhumb or point of the card will coincide with, or be directed 
along the track that makes any given angle with the meridian z 
conlequently, by the help of the card or compaſs, a ſhip may be 
kept in any propoſed track or courſe. 

A Khumb Line, or point, is a right line drawn from the centre 
of the compaſs to the horizon, and is named from that point of 
the horizon it falls in with. 

The Courſe is the angle which any rhumb line makes with the 
meridian, and is ſometimes reckoned in degrees, and ſometimes in 
points of the compaſs ; ſo that if a ſhip ſails upon the ſecond rhumb, 
or N. N. E. the courſe is 22 degrees 30 minutes: and fo for wy 

0 


; other, as jn the following table, which the learner ſhould he 


well acquainted with, or the compals, as to be able readily to tell 
how many points any courſe or rhumb is diſtant from the me- 
ridian, or from the parallel, 


A Table 
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every Point of the Compaſs makes with 
the Meridian. 
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Points. 
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6 in the Act of heaving 
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1 LANE SAILING is the art of navigating a ſhip upon prin— 4 
5 ciples deduced from the notion of the earth's being an ex- 1 


tended Plane; and is no more than the application of Plane Tri- 1 
=X oonometry to the ſolution of the ſeveral variations, or cafes ; | 
where the hy pothenuſe, or longeit ſide, is always the rhumb that 


the ſhip fails upon. 
The Perpendicular is the difference of latitude counted on the 


: $ meridian, and the baſe the departure: which is either caiting or 1 
Wweſting, counted from the meridian. M 
The Angle oppolite the baſe is the courſe, or angle, that the ſhip x 

makes with the meridian ; and the angle oppoſite the perpendlicu— 

lar is the complement of the courſe, which being taken together, 4 
make always eight points or rhumbs, which is go degrees. 9 

In conſtructing figures relating to a ſhip's courſe, let the upper 4 

part of the paper, or what the figure is drawn upon, always re— 5 

=E preſent the north; the lower part will be the ſouth; the right "4 
hand eaſt; and the left weſt. | 
WM Draw the north and ſouth line to repreſent the meridian of the 1 
place the ſhip ſails from; then, if the ſhip's courte is to the ſouth - 4 


ward, mark the upper end of the line for the place failed from; of 
but if the courſe is northward, mark the lower end for that i 
place, 

When the courſe is eaſterly, deſcribe the arch, and lay off the 
courſe and departure on the right-hand 1:de of the meridian ; but 
when welterly on the left-hand ſide. 

When the courſe is given in degrees, the degrees expreſſing it 
muſt be taken from the line of chords; but when in points from 
; the line of rhumbs; and is always to be laid off upon the arch, 

egg at the meridian. 

Wen the courſe is given in points, it may be ſet down with 
iss correſponding logarithm in points in the calculation, as found 
In the firſt page of the logarithms, without reducing it into de- 
Wgrees, as it ſeems altogether unneceſſary, 

In all cafes, wherever the complement courſe, or co- -fine, &c. 
* uſed, the degrees or points put down is the courſe itſelf; yet 
4 he logarithm belonging to the complement, or co-line, &c. of 
Nau courſe is taken, 

CASE 


3 
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CASE: I 


Courſe and Diſtance ſailed given, to find the Difference of Latitude "1. 
Departure from the Meridian. 


A Ship from the Lizard, in Latitude 49* 5)“ N. fails S. W. byW' 
488 Miles. 


Required the Latitude ſhe is in, and her Departure from the 
Meridian ſhe failed from? 


BY CONSTRUCTION. 


Draw the Line CA to repreſent the meridian of the Lizard, and | 
C the Lizard Point. 
With the chord of 60? in your compaſſes, and one foot in C| 
deſcribe the compaſs N. W. S. E. 
Take 5 points in your compuſſes from the line of rhumbs on thel 
plane ſcale, and ſet it off on the arch from S. towards W. for the 
courſe; draw the line CB, which make equal to the diſtance 488 
draw B A parellel to the E. and W. points W. E. to cut the 
Meridian in 1 
Then will A C be the difference of latitude 271,1, and AB the 


departure 405, 8. 
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The courſe 5 points = 5015 
To tind the Departure. 
As radius go” 10.00000 
Is to the diſtance 488 2.68842 
So is the ſine courſe 5 pts. 9.91985 


— 


12.50827 
10.00000 


—_ 


To the departure 405,8 2,00827 


— — — 


Take the difference of latitude 271,1 


By making the Diſtance Radius, it will be by Axio J. 


The co-courſe 3 points 337 45 


To find the Difference of lat. 
As radius go' 10.00009 
Is to the dift, 488 2.68842 


So is co-ſine courſe 5 pts. 9.74474 


12.43310 
10.00000 


To the diff. of lat. 271,1 2.43316 


Nea as the ſhip is in north latitude failing ſoutherly from the 
# latitude leſt 


— — — 


469 57'N. 
4 31 8. 


Gives the latitude in 42 26 N. 


And the departure from the Meridian is 405, 8 miles. 


By making the Departure Radius, it will be, 


To ſind the Departure. 


As co- ſec. courſe 5 pts. 10.080715 
Is to the diſt. 488 2.68842 
So is radius 8 pts 90% 19.99900 
4 12.068842 
10.0501 5 

To the departure 405,8 2.00827 | 


As ſec. courſe 5 pts. 12.25526 
Is tothe diſt. 488 2.68842 
So is tang, courls 5 pts. 10.1751 
12.803G3 
10.25526 


1 


2.60827 


| 


To find the Diff. of Latitude. 


As co- ſec. courſe 5 pts. 10.0801; 
Is to the diſt, 488 2.68842 
So is co-tan. courſe 5 pts. 9.82489 
12.561331 
10.0801 9 
To the diff. of lat. 271, 2, 43316 


By making the Difference of Latitude Radius, it will be, 
2 To find the Departure. 


To find the Difference of Latitude. 


As ſec. courſe 5; pts. 10.26 526 
Is to the diſt. 488 2.68842 
Is to the radius 8 pts. go? 10.00000 
12.68842 

10.25520 

| To the diff. of lat. 2715 2.43316 


Here all the three ſides are made radius, to find the difference 
of latitude and departure; therefore, the Learner may make which 


ide radius he pleaſes; but as, for my part, I ſhall make the firſt, 
. where the diſtance is made radius, whenever the courſe is given. 

W Though this method of working by logarithms 1s certain, yet 
2 the ſame may be wrought by Gunter's Scale and Compaſſes, much 


more 
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more expeditiouſly, and exact enough in the practice of naviga- 
tion. 
NorEk.— When the courſe is given in points, make uſe of the 


lines marked fine rhumbs, and tangent rhumbs, on the upper fide * 


cf the Scale; when in degrees, make ule of the lines marked fine 
and tangent. 


By GUN TER. 


Now to perform the laſt caſe, extend from radius or 8 points to 
5 points on the line marked 5 R; that extent will reach from the 


diſtance 488 to the departure 405,8 on the line of numbers. 
2dly. Extend from radius or 8 points to 3 points (the com- 
plement of the courſe) on the line S R; that extent will reach 


from the diſtance 488 to the diſterence of latitude 271 on the line 


of numbers. 


Thus may all the operations be performed in the ſeveral caſes of 


Navigation. 
By this caſe is calculated the tables of latitude and departure 


for every degree, point, and quarter-point of the Mariner's Com- | 


paſs, to the diſtance of 300 miles, Which is of excellent uſe in 


working davs' works at fea, and may be applicd both to middle 


latitude and Mercator's Sailing, as ſhall be ſhown hereafter ; we 
ſhall only proceed now to the working of the laſt caſe by the 
Table of Diff. of Latitude and Departure. 


By INSPECTION. 


Find the given courſe at the top or bottom of the tables, either 


gainſt 


among the points or degrees, and in that page, and right ag 


* r 
= 

„ 

* 


the diſtance taken in its column, ſtand the difference. of latitude BY 


and departure in their columns. 


Thus the courſe is S. W. by W. or 5 points, which is found at * 2 


the bottom of the table of difference of latitude and departure for 
points: and as the diſtance 488 is too great to be found in the 
tables, divide it by 2, (or any other convenient number) and that 
gives 244, which look for in the diſtance column, and right againſt 
it ſtands 135.5 for the difference of Jatitude, and 202,8 for the de- 
parture, which being doubled, (becauſe divided by 2) gives 271, for the 
difference of latitude, and 405.0 tor the departure, the ſame as before. 
Any of theſe methods will do, but the laſt is chiefly practiſcd at fea. 


ASE II. 


can f and Difference of Latiludi given, to find the Diſfance run, and 
Departure from the At vi. 


If a ſhip runs S. EE. by F. from 1? 45” north latitude, and then 
by obſervation is in 2 40“ ſouth latitude, what is her diſtance 
and departure? 


Now, 
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Nov, in this caſe, as the ſhip has croſſed the F.quator, therefore 
the latitude 145 N. added to 2* 46“ S. is 4* 31, which multi- 
© plicd by 60 gives 271 miles for the difference of latitude. 

S Conſtructed the ſame as Pro- B 
blem VII. in Geometry, : 
Draw BC—271,and BA making x 
au angle with BC = 5 points, or « 
506 15“; upon C erect the per- & 
pendicular C A to join BA in A, — 
auch it is done; then will CA = 10 
J Ho, and A B — 496. 


By making the Diſtance AB Radius, it will be, 
© Courſe S. E. by E. 5 Pts. = 56® 15.” | Complement 3 Points = 33 45/ 
l To find the Departure. To find the Diſtance, 


Fs co-fiuc courſe 5 pts. 9.74474 | As co-fine courſe 5 pts. 9.74474 


— 


Is to the diff. of lat. 271 2.43297 | Is to the dit, ot lat. 271 2.43297 


| 80 is fine courſe 5 points 9.91985 | So is radius 10.00000 
12.3 5282 12.43297 
974474 974474 


ro the departure 305.6 2.60808 | To the diſtance 487,3 2.68823 


& Hence the ſhip's diſtance run is 487,8 miles, and her departure 
from the meridian is 405,0 eaſterly. 


* By GUN T E R. 

ſt Extend from 3 to 5 points on the line marked S R, that ex- 

le tent will reach from the difference ct latitude 271 to the departure 
405,6 on the line of numbers. 

at 


g & 2dly. Extend from radius or 8 points to 3 points, that extent 


vill reach from the difference of latitude 271 to the diſtance 488 
© the line of numbers. 
I By INSPECTION. 


Find the courſe among the points or degrees, and the differ- 
Ence of latitude in its column, right againſt which ſtand the diſ- 


' FF nce and departure in their columns. 


Noe, as the difference of latitude 271 is too great to be found in 
3 Me tables, I divide it by 5, and that gives 54, which J find over 5 
points in the latitude column; againſt that ſtands 98, for the diſtance, 
2nd 81,5 for the departure, which being multiplied by 5 is 490 the 
F ſtance, and 407,5 the departure nearly, as before. 
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CASE III. 


Courſe and Departur PM am the Meridian given, to find the Diſtance ani 1 


Difference of Latitude. 


If a ſhip fails N. E. by E. 3 E. from a port in 3e 15' South | 'I 
latitude, until ſhe depart from her firſt meridian 406 miles, I de | | 


mand her diſtance, and what latitude ſhe is in? 


By CONSTRUCTION. 


Draw the meridian A B, upon 
which erect the perpendicular B C, 
and ſet off thercon from B her de- 
parture 406 eaſterly from B to C, 
with the chord of 609, on C de- 
ſcribe an arch, and ſet off thereon 
the complement of the courſe, as 


D E, and through D and C draw 


the line CDA, cutting the meridian in the point A; then the dil- 
tance AC, meaſured on the ſame ſcale before uſed, gives 449, and 


A B 192 the diff. of latitude, 


By making the Diſtance A C Radius, it will be, ; 
The courſe 5 4 points = 64% 41“ The complet. 24 pts. = 25 10 


To find the Diff. Lat. 


As ſine courſe 5 J pts. 9.95616 | As fine courſe 5 à pts. 9. 95610 
Is to the departure 406 2. 608 53 | Is to the departure 406 2. 0085 
So is Coeline courle 5 4 pts. 9. 63099 | So is radius 10. 09009 


— 


12. 23952 
9. 950106 


To the diff, of lat. 192 2. 28 336 To the diſtance 449,1 


From the latitude left 3 


Subtract the difference of latitude 192 miles, or 


The remainder being 3, ſhews the ſhip is in — 


By G UNTEN. 


Extend from 5 points to 23 on the line marked 8 R, that ec 
tent will reach from the departure 306 to the difference of latiticſ 


192 on the line of numbers.” 


B Dep. 400 E C 


To find the Diſtance. 


— — 


"2dly. Extend from radius to 52 points, that extent will read 


from the departure 406 to the diſtance 449 miles.” 


PLANE SAILING. G1 


By INSPTECT:FON, 


Find the courſe either among the points or degrees, and the 
departure in its column, right againſt which ſtands the diſtance 
and difference of latitude in their tæſpective columns. 

Thus, with the courſe 53 points, and : the departure, I find 
202,5 for the diſtance, and 95,8 for the difference of latitude, 
which being doubled, gives the diſtance 405, and the difference of 
latitude 191,0, as before. 


Cao 5: LV; 
Diſlauce and Difference of Latitude given, to find the Courſe and 
Departure. 


, Suppoſe a ſhip fails 488 miles, between the South and the Eaſt, 


from a port in 2Y 52' South Latitude, and then by obſervation is 


in 7? 23 South Latitude; what courſe has ſhe ſteered, aud what 
departure has ſhe made? R 

From the latitude by obſervation 7 23 take 25 4#- the latitude 
left, the remainder 4* 35/ multiply by 60 = 271 miles or minutes 
ot difference of latitude, 


Con ſtructed as Problem VIII. in Geo- 
metry. 4 

Draw the Meridian AB = 271; upon 2 # by 
B erect the. perpendicular BC; take 488 | * 
in your compaſſes, and with one foot on * 
A, lay the other on the line BC; jon A B 
and C; then will B C he the departure 
406, and the angle B A C the courſe = 56® 10“, or <5 ts 
nearly. 


Cr 


To find the Courſe. | To find the Departure. 
As the diſtance 488 2. 68842 | As radius 10. £2000 
Is to radius 10. o | Is to the diſtance 488 2.68842 
So is the diff. lat. 271 2. 42297 | So is fine courſe 56%6“ 9. 91993 
12. 43297 12. 608 35 
2. 68842 10. ooo 
To co-fine cou. 56 16“ 9. 74455 | To the departure 305,8 2. 60835 


—— — 


2 


Hence the courſe is S. E. by E. and the departure 405, 8. 


By G UNT ER. 


* The extent, from the diſtance 488 to the difference of lati - 
tude 271 on the line of aumbers, will reach from radius or 905 
: ; 
to 33 44 the co-courſe on the line of fines, 


And 
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LANE SAILING, 


* And the extent, from radius to 56˙ 16“ on the line of ſines, 
will reach from the diſtance 408 to the departure 405,5 on the 
Ine of numbers,” 


By INSPECTION. 


Seck in the tables till againſt the diſtance, taken in its column, 
be found the given difference of latitude in one of the following 
columns; and adjoining to it ſtands the departure; which, it leſs 
than the ditterence of latitude, the courſe is found at the top; but 
if greater, the courſe is found at the bottom. 

Now, with half the diſtance 244, and half the difference of la— 
tit ude 135,5, look in the tables till they are found to agree in their 
reſpective columns, which they do nearly over 5 points, againſt 
them ſtands 202,8 for the departure, which being doubled, gives 
405,06 nearly, as before. 


ASE V 
Ditance and Departure given, to find the Conrſe and Difference of 
Latitude. 


Admit a ſhip ſails 488 minutes betw een the north and weſt from 
the Ifland of Bermudas in lat. 32* 25” north, until her dep. is 403 
miles; what courſe has the ſteered, and what lat. is ſhe in? 


Dep. 405. 


Norr. This Caſe is conſtructed much 


the ſame as the laſt. 


To find the Courſe. To find the Diff. of Lat. 


As the diſtance 488 2.68842 | As radius - - 10.00000 
Is to radius - 19.00000 | Is to the diſtance 488 2.08842 
So is departure 405 2.60746 | So is co-line co. 56% 6 2 
12.607 40 2.43486 
2.08842 lo. ooo 


— —_— 


To the {ine of cou. 569 6' 9-91904 To the diff. of lat. 272.2 2.43480 
Hence the Courſe is N. 562 6' W. or N. W. by W. 


To the latitude failed from 32 25 add the difference of latitude : 


272, or 4* 32, gives 36 57 „the latitude the ſhip is in. 


Þy 


< Lat. 


| 


8,2 miles. 
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By GUN T EX. 


© Exteud from the diſtance 488 to the departure 405 on the line 


of numbers, that extent will reach from radius to the courſe 56 10 
on the line of fines.” 


2dly. * Extend from radius to the complement of the courſe 
33" 5o' on the line of fines, that extent will reach from the dif- 
{tance 488 to the diff. of lat. 271 on the line of numbers. 


By INSPECTION, 


Seck in the tables till againtt the diſtance, taken in its column, 


be found the given departure in one of the following columns; and 
TS adjoining to it ſtands the diſference of latitude ; Which, it greater 
= than the departure, the courſe is found at the top; but if leſs, the 
= courle is tound at the bottom. 


Now, with half the diſtance 244, and half the departure 203, I 


look in the tables, and find them to agree in their columns, nearly 
=D over 5 points, againſt which is latitude 135,5, which, being doubled, 
is 271,6, the difference of latitude nearly as betorc. 


CASE Vi. 


== Di/erence of Latitude and Departure given, to find the Courſe and 


Diſtance. 


A ſhip ſails between the north and weſt till her difference of 


latitude is 271 miles, and her departure is 400 miles; 1 demand 
Wer courſe and diſtance ? 


Conſtructed as Problem IX. in Geo- Dep. 495 
etry. C 858 a B 
Draw AB — 271, and perpendicular 7 
Fo it BC = 400; join C and A; then ö 1 
ill the angle C A B be the courſe = 1 
50% 1) and A C the diſtance = 488 7 
Nuiles. Shy 
A 
To find the Courſe. | To find the Diſtance. 
Fe the diff, of lat, 271 2.43297 | As radius 1 0.29000 
o radius 10.00000 | Is to the diff. of lat, 2711 2.43297 
Pois the departure 406 2.608 53] So is ſec. of the courie 
— 8 75 - p 10.2 5504 
12.0085 3 — 
2.43207 12.688067 
= 10.09009 
o the tang. of the cou. — oy 
2.68807 


- f\ 3 
$9" 175 - - 


10.17556 | To the diſtance 488, 2 


Hence her courſe is N. 56* 17” W. and the diſtance ſailed is 


By 
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4 


By GC UN-I ER: 
© Fxtend from the difference of latitude 271 to the departure 
405 on the line of numbers, that extent will reach from radius to Þ 
56” 17 the courle on the line of tangents. 
24ly. For the diſtance we mult conſider it as radius (there be- 
ing no line of ſecants on the ſcale), and extend from radius or 90 
to the courſe 5 points on the line of fines, that extent will reach 
from the departure 406, to the diſtance 488 on the line of num- 
bers.” 


By INSPECTION. | 


Seek in the tables till half the given difference of latitude 135.5 
and departure 203 are found together in their reſpective columns; | 
then right againſt them will be found the diſtance 244, in its column, 
and the courſe ſtand in degrees either at the top or bottom of the! 
column where the difference of latitude and departure was found, 
which in this caſe is under 56® 15%, or 5 points the courſe required. ö 


The ſix foregoing Problems are the common caſes of Plane Sailing 
which the Learner ought to be well acquainted with; and for tha! 
end J here add ſix more for practice, whoſe anſwers may be found br | 
the foregoing rules: M 


Dur/tion I. A ſhipin 27 10“ ſouth latitude, ſails N. by E. 8 & | 

leazues ; what Jatitude is ſhe in, and what is her departure? . 
Anſwer. Latitude in 2" 12 N. and departure 17. 36 leagues. 4 
Queſtion II. A ſhip fails S. S. W. from a port in 417 30 nom. 
latit ude, and then by obſervation the ſaid ſhip is in 36 57 nom : 
latitude ; I demani the diftance run and departure ? = 
Anſwer. Diſtance run 98, 5 leagues, departure 37,7 leagues. = 
Quęſtion III. A ſhip fails S. S. W. half W. from 29 30 foutlf 
latitude, until her departure be 59 leagues; I demand her diftan:W 
; 


run and latitude in? 
Anſwer. Diſtance run 125,2 leagues, latitude in 89 17 ſouth. Ml 
Ducſtion IV. IF a ſhip fails 360 miles ſouth weſtward from 21% il 
fouth latitnde, until by obſervation ſhe be in 24” 49 ſouth latitud ier 
what is her courſe and departure * 9 
Anſwr. The courſe is S. W. half W. and her departure frog i: 
the meridian is 317,3 miles. bon 
Dueftion V. Suppoſe a ſhip fails 354 miles north eaſtward fre i 
27 o ſouth latitude, until her departure be 150 miles; what is BF © 


courſe and Jatitude in? K * 
Arſwrr. Her courſe is N. 25 4 E. or N. N. E. 4 E. nea on 
aud he is in latitude 39 12“ north. = 


2-4 
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* 9uftjion VI. Sailing between the north and the weſt, from a 
Y port itt 1 50% ſouth latitude, and then arriving at another port in 4” 8 
north latitude, which is 209 miles to the weſtward of the firſt port, 
'F ; demand tho courſe and diſtance from the firſt port to the ſecond * 
| Anfwer. The courſe is N. 29% 40 W. or N. N. W. 3 W. nearly, 


ud the diſtance of the ports is 422, 3 miles, or 140, 7 leagues. 
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0 AVING learned thoſe neceſſary Problems, concerning a Single 
15 45% Courſe, the next is a Compound Courſe, commonly called a 


hat FT raverſe ; in order to the right underſtanding of which, obſerve the 
by Eg lowing definitions. 

== A Traverſe is when a ſhip, meeting with contrary winds, fails on 
gw) BC ral courſes. 


When the wind is directly or partly againſt a ſhip's direct courſe 
co tie place ſhe is bound to, ſhe reaches her port by a kind of Z like 
ZEourie ; which is made by failing with the wind, firſt on one fade 
3 tne ſhip, and then on the other ſide. 

= !n2 ſhip, when looking towards the ſtem or head. 

Starboard ſignifies the right-hand ſide. 

Larboard the left-hand fide. 


(ul Forwards or Afore, is towards the head or ſtem of the ſhip. 
lance Aft or Abaft, is towards the hinder part or ſtern. 


The Beam ſignifies athwart or acroſs the middle of the ſhip. 
When the ſhip fails the fame way the wind blows, ſhe is ſaid to 

il or run before the wind; and the wind is right aft, or right a 

ern; and her courſe is then 16 points from the wind. 

When a ſhip fails with the wind blowing directly acroſs her, ſhe 

BS iid to have the wind on the beam; and her courſe is 8 points 

om the wind. | 

== When the wind blows obliquely acroſs the ſhip, the wind is ſaid 

be abaft the beam, or afore the beam, according as her courſe is 
Pore or lefs than 8 points from the wind. 

Muhen a ſhip endeavours to ſail towards that point of the compaſs 

en whence the wind blows, ſhe is ſaid to Fil on a wind, or to 

ys windward, 
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A veſlel failing as near as ſhe can to the point from whence the 
wind blows, 1s ſaid to be cloſe hauled. The generality of ſhips wil 
lic within about 6 points of the wind, but floops and other veſſel 
will he much nearer. 

The Windward or Weather-fide, is that ſide of the ſhip on which! 
the wind blows ; and the other ſide is called the Leeward or Lee-fide, 

Tacks and Sheets are large ropes made faſt to the lower corners of | 
the fore and main- fails, by which either of theſe corners are hauled | . 
fore and aft. 

When a thip fails on the wind, the windward tacks are always 
haulcd forwards, and the leeward, or lee-ſheets, aft. | 

The flarboard tacks are aboard when the ſtarboard fide is to 
windward, and the larboard to leeward ; and the larboard tacks ar: 
aboard when the larboard {ide is to windward, and the {ſtarboard ty 
leeward. | 3 

To know how near the wind a ſhip will lie, oblerve the courl: 
ſhe goes on each tack when ſhe is cloſe hauled, then half the 
number ©: points between the two courſes will ſhew how near the 
wind that ſhip will lie. 42 

The moit common cafes, in turning to the windward, may 4 
conſtructed by the following precepts : # 
Having drawn the meridian, or north and ſouth, and parallel 0 7 

latitude {or eaſt and welt line) in a circle, repreſenting the hd 
of the place, mark, in the circumference, the place of the wind; 
draw the rhumb, pafling through the place bound to, and lay therccl 
che diſtance of that place from the centre. | 

On each ſide of the wind lay off in the circumference the points 
or degrees ſhewing how near the wind the ſhip can lie, and dra 

the rhumbs. 

Now the frſt courſe will be on one of thoſe rhumbs, accord 
to the tack the ſhip leads with; draw a line through the Paas 
bound to, parallel to the other point, to meet with the firſt, au 1 
this will ſuew the courte and diſtance on the other tack, -Þ 

To reſolve a Traverſe, is to reduce and bring ſeveral court 
into one; the courſes are known by the compaſs, and the diſtant = 
by the log, which in common voyages is hove once in two hour 
but in ſhips of war, or in Kaſt— Indiamen, every hour, * 

In the ſteerage, or ſome convenient place in the ſhip, there i 

enerally kept a table, called the log-board, divided into feven o 
3 in the firſt is written the hours of the day, in the ſe col! 
the knots that the ſhip runs during half a minute; each of thel 
knots bear the fame proportion to a ſea mile that half a minus 
does to an hour; conſequently ſo many knots as the ſhip runs" 
half a minute, (the time allowed for trying the experiment) | 
many miles ſhe runs in an hour. In the third the fathoms, E 
of which ought to make a knot ; in the fourth the courſes ſteers I 
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« | | by the compa(s; in the fifth the winds ; in the fixth the leeway, 


| or how far the ſhip is drove to the leeward of the courle itcered 
by the compaſs; in the ſeventh the tranſactions of the day, as in 

= the following table. Every day at noon the contents arc tran- 
ch FS ſcribed into the log-book, which is divided into columns, exactly 
le. like the log-board, and the ſeveral courſes being corrected by allow- 
of FF ing for the leeway and variations, and the diſtance run upon each 


el being ſet down in a traverſe table, ſhews what difference of latitude 
and departure the ſhip has made during the laſt 24 tours ; and from 
# thence is found the latitude and longitude the hip is in, &c. This 
operation is called doing a day's work. 


Tux LOG-BOARD. 


= 4 F . | 

the | 5 7 Lee- 

1 ö 465 Courſes. Winds. [way.] Tranſactions. 

11 | 

1 i 6 8. W. by S. N. 

Mie | 

nd; £ 5 N. W. 

co 5 | Moderate gales 

. 41-5 N. E. N. W. W. and fair weather; 

oi 4 8 at 8 A. M. ſaw 

ir 4 2 a ſhip to the 

wel 7 418 northward. 

1 +1 3 | 

2" 3 S. W. by S. W. N. W. 

* 41453 No obſerva— 
1 4 tion. 

wh F | 

ours | | 1 

ere Y 


Having placed the ſeveral courſes, and diſtances run upon each, 
wh A _” with the firſt courſe 8. W. by S. which is 3 points, and the 
cc diſtance run upon it being ſummed up, is 21, 5 or an half, which 


k. 2 
*. being doubled (becauſe the log is hove every two hours) is 43. 
0 7 In like manner proceed with the other courſes, and then find the 
a | difference of latitude and departure for each courle and diſtance. 
ns, K. When the courſe is to the ſouthward, the difference of latitude 


Muſt be ſet in the column marked S. but if to the northward, 
] 2 111 
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in that marked N.; likewiſe when the courſe is to the eaſtwand, the | 
departure muſt be ſet in the column marked E.; but if to the welt- | 
ward, in that marked W. Thus the firſt courſe being 8. W. by 8. 
3 points, the difference of latitude belonging to it is {et under S. 
and the departure under W. as in the following table : 


Tus TRAVERSE TABLE. 


Courſes. | Diſt. N. 8. E. W. 


Ss W. by 1 | 43 ; | 35,0 23,9 
N. E. | 45 31,8 31,8 : 

S. W. by wh 27 [© 22,4. 15, 0 

| „ 58,2 | 38,9 


Here the weſtings being greater than the eaſting, the difference 
ſhews how far the {hip has got to the weſtward ; and the ſouthings 
being greater than the northing, ſhew how far ſhe has got to the 
ſouthward of the place ſhe ſet out from. | 

Now the difference or latitude 26,4 and departure 7,1 being looked 
for in the tables, will be found nearly ſtanding together under 15 
and againſt diſtance 27. Hence the courſe made good upon the 
ſeveral courſes is S. 155 W. and the diſtance 27 miles. | 

In heaving the log, one man holds the reel upon which the 
log-line is wound, and another holds the half-minute glaſs; at? 
officer of the watch heaves the log over on the lec- quarter, and 
when he obſerves the ſtray- line is run off the reel (to denote which 
there is fixed a red rag) he cries turn the glaſs-holder anſwers? 
done“ who, watching the glaſs, the moment it is run out, crit 
ftop ! the reel being immediately ſtopped, the knots, or knots aud 
fathoms run off, ſhew the ſhip's rate of failing per hour, if the 
wird happens to have been conſtant, | | 
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5 EXAMPLE: 

Suppoſe a ſhip takes her departure from the Lizard in latitude 
405 57 N. it bearing then N. N. W. diſtance by eſtimation 5 leagues, 
ſails §. E. 34. W. by 8. 16, W. N. W. 39, and S. by E. 40 miles; 
5 Latitude {he is in and her bcaring and diſtance from 


required the 
the Lizard? 


By CONSTRUCTION. 


Rr 


E NI 
Draw the line L M to repreſent the meridian of the Lizaid, and L 
the Lizard point; on L deſcribe the compaſs; then let off the op- 
poſite point to the bearing of the Lizard, the S. S. E. line L A, 
Pvhich make equal to 15 miles, parallel to the S. E. line; draw the 
Wine AB equal to 34 miles: again, from B parallel to W. by 8. 


wen raw BC equal to 16 miles; next through C draw a line parallel to 
cries W. N. W. which make equal to 39 miles, from D draw D E, 
> and parallel to the 8. by E. line, equal to 40 miles ; then is E the 


F the! Place of the ſhip at the end of her ſeveral courſcs, E L the diſtance, 
WM the difference of latitude, E M her departure, and the angle 


LEI 8 L M the courſe the has made good. 1 
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To find the ſameby CALCULATION. 
For the firſt Courſe, S. S. E. 15 Miles, E 


To find the Diff. of Latitude. For the Departure. N 
As radius go® 10. 00000 | As radius 90 10. 00008 WE 
Is to diſtance 155 1. 17609 | Is to diſtance 15; 1. 17600 
So is Co-fine courſe 2 pts. 9. 96562 | So is fine courſe 2 pts. 9. 5828133 


—ů— 


— — 


11. 14171 10.7 5993 f : 
10. 00000 10. 00000 (Re 
—  . 
To diff. lat. 13,9 I, 14171 | To departure 5,7 o. 7599; 
Sccond Courſe S. E. 34 Miles. 
For Difference of Latitude. For Departure. We 
As radius o 10. 00000 | As radius 90 10. oo 
Is to co-line courſe 455 9.84948 Tofine courſe 45* 9. 54943 
So is diſtance 34 = 53 148 So is diſtance 34 1. $3148 . 1 
— — I 
11. 38096 11. 38000 
10. 00000 10. o 
To difference lat. 24 1. 38096 To departure 24 1. 38000 2 
Third Courſe W. by S. 16 Miles, i 
For Difference of Latitude. | For Departure, 7 
As radius go? 10. 00000 | As radius 10. O 
Is to co-line co. 78 45” 9. 29024 | Is to line cou. 7845 9. 991% 
So is diſtance 16 : 1.20412 | So is diſtance 16 . 20413 ; 
10. 49436 11. 19509 p | ' 
10. 00000 10. 000) 
To diff. latitude 3,1 0. 49436 | To departure 15,7 1. 195% 
Fourth Courſe W. N. W. 39 Miles. = ; 
it For Difference of Latitude. For Departure. n 
| 1 ; As radius 90 o. 00000 | As radius go? 10. 0000 ©: 
i} To co-fine cou. 67 30 9. 58284 | Is to fine cou. 67 30” 9. 905 5 
i 1 ; 80 is diſtance 39 1. 59106 [So is the diſtance 39 1. 59 10% F 
1.16 11. 17390 | 11. 5566} 
; | 10. 000Co | 10. 000 
j Tuo diff. latitude 14,9 1.17399 | To departure 36 


TRAVERSE SAILING» 71 


4 Fifth Courſe S. by E. 40 Miles. 
For Difference of Latitude. For Departure. 
As radius 90 10. 00000 | As radius go? 10. 000009 
Is to co- ſine cou. 1115“ 9. 99157 | Is to fine of cov. 119 15/ 9. 29024 
So is diſtance 40 1. 60206 | So is diſtance 40 1. 60296 
'9 q — 
9 11. 59363 |} 10. 89239 
4 | 10. 00000 10. £0000 
3 BE To diff. lat. 39,2 1. 59363 | To departure 5,8 o. 89239 


Though this method of finding the difference of latitude and 
9) departure by logarithms 1s certain, yet the fame may be more 
8 readily found by tables of difference of Jatitude and departure; 
that is, to find the difference of latitude and departure for each 
EZ courſe and diſtance by inſpeCtion, and placing them down as in 
the following traverſe table: 


Diff, Lat. Departure, 

Courſes. Diſt. |———— % 

| N. | * E. W. 
. 2 

S. S. E. 15 13.9 5,7 

8. E. 34 24.0 24, 0 
W. by 8. ib 3.1 ' 15,7 
W. N. W. 39 | 14,9 36,0 

8. by E. 40 | 39,2 7,0 
From ſum - 14,0 | 80,2 | 37,5 51.7 
Take - 14,9 | 37»5 
Reits — - 65,3 14,2 

- 1 — EEE one En 


Having placed them as above, add up all the weſtings, eaſtings, 
northings and ſouthings, ſeparately, and ſet down their reſpective 
lums at the bottom of each column; and as the weſting is greater 
than the eaſting, ſubtract the eaſting therefrom, and the differ - 
ence 14,2 ſhews that the ſhip's departure is ſo much welt of her 
firſt meridian. 

Again, the ſouthing being greater than the northing, ſubtract 
the northing from it, and the remainder thews how tar the ſhip 
s to the ſouthward of her firſt place. * 

7 
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To find the direct Courſe or Bear- 
ing of the Lizard from the 
ſhip. 

As the diff. lat. 65,3 1.81491 


Is to radius 90? 10. 00000 
do is the departure 14,2 1+ 15229 


111229 
1.81491 


To tan. cou. 12 16 9.33738 


Which, becauſe the difference 


of latitude is foutherly, and the 
departure weſterly, is S. 12” 1 7 
VV. Whence the Lizard bea s 
from the ſhip N. 12* 10 E. or 
N. by E, 1 1E. 


EXAMPLE II. 15 


Suppoſe a ſhip from the Lizard 49? 57” is bound to Cork in lati- 
tude 51? 417, N. whoſe departure from the meridian of the Lizard iz 
120 miles weſt. but by reafon of contrary winds is obliged to fail on the 
54 miles, W. by S. 39, N. W. by N. 
40, N. E. by E. 69, and N. N. W. 60 miles; I demand the direct 


following courſes, viz S. S. W. 


courſe diſtance, difference of latitude and departure made good upon 
the ſeveral courſes, with the latitude ſhe is in, and what courſe tht 
muſt aftervrards ſteer, and how tf: 


To find the direct Diſtance, 


As fine of cou. 129 16“ 9. 32728 


Is to the depart, 14,2 1.1522 
So is radius 90 10. 00000 
— —— 


11. 15229 
9.32728 


To the diſtance 66,84 1. 82501 4 


The courſe and diſtance may 7 
be found ſuftciemly near under = 
12 degrees in the tables, where 
the diſtance is 67 miles. 


r to gain her intended port? 


* * * 47 
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By PROJECTION. [ 


Latitude of Cork —— 5141 i 
Latitude of Lizard — 49 57 4 


. 44 5 
60 i 


2 0 | bud "> 
r 


| l 
= Difference of Latitude — 104. — Departure 120, i 
4 + | : * 
PU. TY | 
$4 + 3 1 
: | M CD OR 2 — F | " 
i 3 
1 


< : 
et. i 
| ; . » mn 
. 8 | 
| | | 
kh i) 
c i 
5 | ! 
f 1 
Ry | | 
1 
| „ 
_ F | 
— ＋ 
. | 
3. 
o 1 
1. 
EC | | 
[ | 1 
| „ 1 
= : 15 
as 5 * 
; 7 
N N 9 
1 {1 
| > 2 * 
ky bs \ G 
Th 5 &. | 
10 þ - v 4 
% 3 * 
1 1 
5 9 
| . # 
"> ' * 
5 1 
. 5 1 
1 1 
5 (<8 
* => 7 
vt) : | 
* 8 a 
} | : I... 
2 jd 
| 2 + 38 
6 LF _ 
þ 2; + 7 
8 Fo, ks 


" "oF Vw S 39 


With the chord of 609 deſcribe a circle, through which draw the 
meridian north and ſouth, and, croſſing that at right-angles, draw the 
=X calt and weſt points; the centre repreſents the Lizard; then ſet off 
tuo points from the ſouth weſterly ; through which draw a line to 
the centre for the firſt courſe S. S. W.; upon that ſet off the firſt 
diſtance run 54 miles, which is the ſhip's place at the end of her 
tut courſe. 
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Draw the W. by S. rhumb; and parallel to it a line, paſſing 
through the ſhip's laſt place; and upon it ſet off 39 for the fecond 
diſtance ; draw the N. W. by N. rhumb ; and parallel to it, as be- 
fore, draw a line, paſſing through the ſhip's laſt place; upon it ſet 
oft 40, and that will be the place of the ſhip at the end of her third 
courſc ; then draw the N. E. by E. rhumb; and parallel to it z 
line, paſting through the ſhip's laſt place; and upon it ſet off 69 tor 
the tcurth diſtance ; then draw a N. N. W. rhumb ; and parallel to 
it a line, as before, through the ſhip's laſt place; and upon it ſet off 
the laſt diſtance 60, which is the ſhip's place at the end of her ſeveral 
courſes ; from which draw a line parallel to the eaſt and welt line, 
until it cuts the meridian : for the whole departure, from this to the 
centre, being meaſured on the ſame ſcale, will give her difference of 
latitude made good upon the ſeveral courſes; and a line drawn from 
the ſhip's laſt place to her firſt, will give the whole diſtance ; and 
the angle which this line makes with the meridian, will be the ſhip's 
courſe made good. 

Now, to and what courſe ſhe muſt ſteer, and how far ſhe mul? 
run, from the centre of the compals, or the Lizard point, ſet off 
the whole difference of latitude of the two ports, viz. 104, to 
F.; through F. draw an E. and W. line weſterly, and ſet off thereon 
the whole departure 120 from F. to E; then will E. repreſent the 
{ituation of Cork; join AE, and draw AD parallel to the meri- 
dian ; then will AE be the diſtance the has to run to her intended 
port, the angle E AD is the courſe ihe mult ſteer, E D is how far 
ſhe is to the eaſtward of it, and AD is how far to the ſouthward 
Ot its 


By CALCULATION. 


With the difference of latitude, and weſting and eaſting of the two 
ports, to find their bearings and diſtances aſunder. 


To find the Bearing. | To find their Diſtances. 
As diff. of lat. 104 2.0 1703 | As radius 7 0.0000 
Is to radius 90⁰ 10,0000 | To diff. lat. 104 2.01703 
SU 1s Whole dep. 120 2.07918 | So is ſec. eou. 4995 10. 18378 
12.07918 12. 20081 
2.017053 I 0.0000 
To tang. bearing 49® 1.002 15 i To diſt, aſunder 158,8 92.2008] 

EN Wo 4 Wo ; ; 

Or! 3 E — b 1* 16 from each other; or with the difference 


5 


of latitude and departure, the courſe will be found by inſpection to 
be 49*, and diſtance 159 miles; and the ſeveral courſes and dittances Þ 


being found, will ſtand as in the following : 


* TRAVERSE 


„ 


33 f * v 5 FP . # oF 8 £5 FR 2 = . s 
FO 2 EOS LEG TEETER * 


WY 


n 


R 


s nd." Autſe, s 


n 


7 bed . Way 7) 


; e Lat: | Departure. 
: Courſes. | Diſt. !_ 5 E 
: F .. 
| : 8.8. W 54 49. 9 20. 7 
: W. by S. 39 7.0 38. 2 
$ N. W. by N. 40 33.3 22. 2 
IN. E. by E. 69 | 38. 3 57.4 
; N. N. M 60 34 750 | 23 
1 a From „ e 1} $74 e 
7— ⅛ͤ v © 1.5 5 OS bh 57-4 
| TT 5 
. Remains = Mn 69. 5 8 | 83 40.7 
ES 4 . 5 
2 To find her direct Courſe and Diſtance made good. 
7 Ko To find the Courſe. f To find the Diſtance. 
As diff. lat. 69,5 1.84198 | As radius 10-00000 
ls to radius go® 10.0000 To dift. lat. 69,5 1.84198 
so is departure 46.7 1.66932 So is ſec. courſe 33* 577” 10. 08092 
e | 7 1 3 
- 1 1.66932 11.92290 
d 1.8419 I10.00000 
r [= — — 
d Io tang. cou. 33 54 9.82734 To diſtance 83, 73 1.92290 
Or, with the proper difference of 69,5, and the departure 46,7, 
© :00k in the tables of difference of latitude and departure, the neareſt 
numbers correſponding to theſe are 69,6 and 47 under 34“ againſt 
o Auſtance 84. 
| | To find the Bearing and Diſtance to the intended Port. 
= .. 5 In Angle AE D. 
0 Lizard's latitude 49.57] From whole diff. lat. ports 104 
x 1 Add northing of ſhip 1.9 | Subſtract ſhip's northing 69.5 
= | : *'Uip's latitude in 51.6 | Remains {lup ſouthw. of port 34-5 
90 ; From whole departure ſubtract ſhip's depart. 120—47 = = ED. 
= 2 : As AD f 34,5 1.53782 | As radius 99 10.0000 
81 AIs to radius 90% 10.00000 | AD 34, 5 1.53782 
2 2901S ED 73 1.80332 | So is ſec. courſe 64˙ 42 10. 36921 
5 11.86332 11.9003 
ͤ 1.53782 10.00000 
ccd | E FM — — — — 
o tang. ans ſhe muſt To diſt. ſhe 4 1.90703 
reer nearly N. E. b 10. 32 5ß 50 to run 80, : | 
8E E. 2 E. 6442 24 255 735 
R 2 Or 


TRAVERSE 
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TRAVERSE TABLE. 
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76 TRAVERSE SAILING. 


Or, with the difference of latitude 34, 5 and departure 73, look into ; 


the tables, the neareſt numbers to theſe are 73,4, and 34,2 ſtand. 


ing over 65 againſt diſtance 81. 3 

All the preceding may be found by Gunter's Scale, but ſhall FR 
leave the working of them to exerciſe the Learner, who ought t» 
be well acquainted with Traverſe Sailing ; and for that purpoſe it hu 
been thought proper to ſubjoin the following, which is the moſt ge. 


neral and uſeful that well can be, and may be worked by any of the | 


foregoing methods. 2 


A ſhip being at ſea in latitude 37 10“ N. is bound to a port, which 
lies to the weſtward i in latitude 23 0 N. the departure between the 
ſhip and the place is 180 miles conſcquently, 
courſe will be S. W. by S. 2 degrees weſterly, and diſtance 303 


miles, but the wind being variable, is obliged to ply upon theſe ſe. 


veral courſes, the diſtance run upon cach, being obtained by the log; | 
and the firſt ſhe ſails (with her larboard tacks on board) S. W. 99 
W. 27 miles, W. S. W. half W. 30 miles, W. by S. 25 miles, W. 


by N. 18 milcs. 

(Starboard tacks on board wind ſhifting) S. S. E. 32 miles, S. S. E. 
three-quarters E. 27 miles, S. by E. 25 * S. 31 miles, S. 8. E. 
39 miles. 

Required the latitude the ſhip is in and her departure from tel 
meridian, upon what courſe ſhe mult ſteer if poſſible, and how 1 
ſhe muſt ſail to gain her intended port? 4 

The difference of latitude and departure being found by the pre- 
ceding directions, will ſtand as in the following T able : .£ 

8 

The TRAVERSE TABLE: 15 
838 Dit. * of Lat. Departure. = 

N. 8. „„ 

. by 27 15,0 1 22,4 

W. S. W. W.] 3 357 28,7 

W. by 8. 25 4,9 24,5 | i 

LE 32 20,0 | 12,2 8 

8. 8. E. 1E 27 23,2 3,9 p 

S. by E. 25 24,5 49 8 

South. 31 31,0 8 

8. S. E. 39 30,0 14,9 Y 

35 {1729 | 459 | 933 || 

e 4598 

Diſt. Lat. 169.48. Z 


by Caſe VI. the * 


rn — 


8 4. + 2% 


— — ww A rw toad 


up op mp „ © — ans 


to | 


r IT OTIS 9 ot py 
5 * * * o * . 


11 FS one-quarter weſt nearly, diſtance 1 55,2. 
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The ſhip is in latitude 34 200 N. the departure is 49.4. W. 
The courſe made good is S. 197 35 W. and diſtance 175.9. 
The courſe to the intended port is S. 58 54 W. or S. W. by W. 


MIDDLE LATITUDE SAILING. 


·Üq?.w ) UP T H x —ꝛ—̃ D ——————— — 


N Plane Sailing the Earth was conſidered as a plane, repreſenting 
a bowling green, having the meridians parallel to each other, and 


S conſequently the degrees of longitude equal in all places; but this 
cannot be true, as the earth is a globe or ſphere ; for, 


As the mcridians are circles on the terraqueous globe, meeting 
in the poles, (as may be ſeen in the following figure) it is obvious, 


that any two of thoſe circles muſt recede more at greater diſtances 
from the poles ; and at equal diſtances from each pole, or at the 


& equator, the diſtance between the meridians is greateſt. 


The true place of a ſhip at fea depends upon its diſtance from the 


& Equator, and ſome noted Mcridian ; and ſince the Meridional dif- 
tance, that is, the diſtance between any two Meridians, varies in 
every latitude, it is therefore convenient this diitance ſhould be 


reckoned in a fixed latitude ; and where the degrees are of the fame 


magnitude with thoſe of the meridian, which can be no where but 
on the equator, where 00 geographical miles make a degree, 


The circumference of all circles are in direct proportion to each 
other, as their radii: and ſince the earth turns once round its axis 


in 24 hours, every point upou its ſurface - muſt deſcribe circles 
parallel to the equator : hence it follows, that the circumference 


of any parallel of latitude in miles, is to the circumference of the 
Equator in miles, as the co-ſine of that latitude is to radius; and, 


that the breadth of a degree, in any parallel or latitude, is to the 
& breadth of a degree upon the equator, as the ſine complement of 


that latitude is to radius. 


By the laſt proportion was the following table calculated, which 
ſhews the breadth of a degree of longitude in every latitude ; and 


may be made to anſwer for any degrees or minutes by taking pro- 


portional parts: 


The 
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The Flowing Table ſhews how many Miles 25% wer to a Degree 1 
Longitude at every Degi ce of Latitude, 


*» ” VS FT OOO 


FT = a= 3z 


D. L. XIiles. 
I 47 92] 55 [34 41] 73 [17 
2 59 90 20 [56 3B 38 [47 380 56 [33 550 74 16 
3 159 92] 2156 on] 39 46 62] 57 32 68} 75 [15 
4 [59 Bb] 22 |55 63] 49 [45 95] 59 31 79] 76 [14 
5 59 77] 23 155 23] 41 [45 28] 59 [39 900 77 [13 
6 50 67] 24 154 BG1| 42 [44 50 60 30 00 

7 159 56] 25 [54 38] 43 [43 880 6r 29 19] 79 [11 
8 59 42 2053 93] 44 [43 160 62 [28 17 80 [10 
« 
IO 
II 
I'2 
Ry | 


DL. 
59 99] 19 


59 26] 27 53 $50 45 142 43] 63 f27 24819 

59 od] 28 52 97 40 [41 68] 64 26 go} 828 

58 89/ 29 52 47] 47 % 92] 6g [25 30083) 

58 68] 30 51 96] 48 [40 15] 66 24 41 84 | 6 
1358 46] 31 [51 43] 49 39 36] 07 23 45 85 [5 
14 58 22] 32 50 88 50 38 57] 08 22 480 86 | 4 
15 57 95] 33 [59 32] 31 137 76] 6g j21 50 87 | 3 
16 57 65] 34 [49 74| 52 30 94] 70 [20 $52] 88 | 2 
17 157 37} 35 [49 151 $3139. 11] 71 119 . 54] bg [4 
19 57 Obi 36 [48 54! 54 35 20' 72 18 55 


Hence it follows, that 


As co-ſine of any paral. of lat. 

Is to the diſt. run in miles in that | , 
lat. 4 

So is the radius, or fine of go® S 

To the dif. of long. iu miles. 


As radius, or fine go® 
Is to the diff. ot long. in miles, 
So is co- ſine of any paral, of lat. 


Two merid. in that paral. of lat. 


From what has been ſaid ariſes the ſolution of the following 
Problems: 


FRODBLEM-1. 


The Difference of L.onvitude between two Places both in one Parallel f 
Latitude being given, te find the Diſtance between them. 


To the diſt. in miles between any 


Bo „ „ r 41 
0 / * 2 
ho. 


Suppoſe a ſhip in the latitude 49? go” N. or S. fails directly E.] 
or W. until her difference of longitude be 3e zo, and the diſtance Þ 


ſailed be required ? 


By 
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5 P 

7 

8 

0 
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10 — 

5 Sine 9 


By PROJECTION. 


With the fine of 90 in your compaſles taken from the Plane 
Reale, and with one foot in P defcribe the arch EQ, and upon it fer 
Ai the difference of longitude 210 miles, and draw the lines P E and 
do repreſent the two meridians ; and then EQ repreſent the 
Equator, and P the Pole. Again, with the tine com. of the lati- 
Wide 49% 30“ viz. 40 30“ in your compaſies, taken from the line ot 
Ancs on the Plane Scale, and with ond toot in P defcribe an arch, 
ud the diſtance between the points, where it cuts the two meridians, 
$cing meaſured upon the ſame ſcale of equal parts that the difference 
& longitude was, will be the departure 1 36,4 miles. 

Or, thus: 

Draw the meridian A B, and with the chord of 60 in your com 
Patles deſer ibe an arch, and upon it ſet off the complement of the lati- 
de 40% 20 (taken from the line of chords), and ſet it off upon the 
Ach as a courſe in Plane Sailing, and draw the line A C as a diſtance, 
Which make equal to the difference of longitude 210 miles; then 
Fill the departure C D be the diſtance 1 36,4 miles, as before: "Uhis 
t method is preferable to the tormer, as we are not contined to any 
Þrticular {cale. 

E Reverſe this Problem, and ſuppoſe the diſtance ſailed in any 
Parallel of latitude given, to find the difference of longitude. 

With the fine com. of latitude in your compaſles deſcribe an arch. 
Upon which ſet off the departure 136,4 miles, and through the 
points where it cuts the arch draw the lines PE and PQ; then 
Dith the ſine of go? in the compaſſes, and one foot in the former 
Entre P, deſcribe an arch to cut P-E and PQ; then E Q being 
Wcalured upon the ſmall ſcale of equal parts that the departure was, 
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Vill de the difference of longitude 210 miles, 
* 


B F. 
A 5 
- 92 


— 
— 


* dd as » ag © by 
. — - = 
— - - 4 _ 
- by bl 
- . Ig 
* [ - I 


> Wis — 


7 


v2 a 


— * . 
ren — CO WT -— ©; A 


* * — a"% _ mew mr 7, 
3 — — 
a es” ES 


= 


wa 
— — — 


- i 
_— » Adv + ae VC 
— r —— 22 OPT” 


. =" . © —_ 
. a 2 a. you” — 
1 — — 


— 


3 


—— — — 


4 <>—_— 
"_ gg PUT” IE SE 
* 


2 — — VP 
_ CO 1 * 0 8 
. 8 4 n - — — — wö— — 
— ——— — . —— — * * 


— 


N . aa 
. 3 


8o 


MIDDLE LATITUDE SAILINS. 


By CALCULATION. 
To find the Departure. 


As radius —— — 90 10.00000 
Is to the difference of longitude 210 2. pon 
So is Co-line latitude — 49˙ 30“ 9.81254 
12.134706 
10.00000 
To the diſtance or departure — 136,4 2.13476 


By GUN T. ER. 


* The extent from radius to fine com. Jatitude 40 30“ on the line 


of ſines, will reach from the difference of longitude 210 to the 


diſtance 130, 4 on the line of numbers.” 


By INSPECTION. 


Find the fine com. of the latitude among the degrees, and in 
the diſtance column the difference of longitude, oppoſite to which, 
in the column of departure, is the diſtance required; but as ths 


co-latitude is 40 300, therefore, 


For 40 degrees you will find 135 

For 41 degrees you will find 137,7 
The ſum is - - 272,7 
Half is the diſtance required 136, 3 


This is done becauſe the table of difference of latitude and depar- 


ture is calculated only for ſingle degrees. 


By the reverſe of the laſt Problem, having the diſtance run in Þ 


any parallel to find the difterence of longitude. 


Suppoſe a ſhip in latitude 49 30“ N. or S. fails directly E. o 


W. 136,4 miles, and her ditterence of longitude be required ? 


As co- ſine of latitude 497. 30-7 9.81254 
Is to the diſtance 136,4 2.13481 
SO is radius 10. ©0000 
12.13481 

9.81254 

To the difference of longitude 210 2.32227 
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MIDDLE LATITUDE SAILING. 81 


BY INSPECTION: 
Look for the complement of the latitude among the degrees as 
if it was a courſe, and the departure in its column ; right againſt 
which ſtands the difference of longitude in the diſtance column. 


CAD» 1. 
Required the bearing and diſtance between the Lizard, in latitude 
49? 57 N. longitude 5 14/ W. and the Ifland of St. Mary, one of 
the Weſtern Iflands, in latitude 37“ N. and longitude 25 6 W. 


Lizard's lat. 49* 57' N. 49 57 Long. 5 14 W. 
St, Mary's lat. 37 OO N. 37 00 Long. 25 6 W. 
TW, Sum 2)86 57 19 $2 
60 60 
. Mid. lat. 43 28 | 
Diff. in miles 777 90 O 1192 diff. long. 


Co-mid. lat. 46 32 
The PROTECTION. 
«<b> Lizard 
A 


St. Mary's 


Draw the meridian A E, with the chord of 60 deſcribe the arch 


PS; upon which ſet of 46? 32 the complement of middle latitude. 
from Qto S; through S draw the line A C= 192, the difference 
of longitude ; let fall the perpendicular CE, which will be the 
departure 865; upon A E ſet off AD 7577, the difference of lati- 
tode, and upon D erect the perpendicular I) CG, and upon it ſet oft 
the departure 865; join G and , and it is done; for G A will ve the 
diſtance 1168 miles, and the angle G A D the courſe S. 43? W. 


The CALCULATION. 
To find the Departure, To find the Courſe 


As radius go 10.00000 | As diff. of lat. 777 2.29042 
Js to diff. of long. 1192 3-07628 | Is to radius go o. ooo 
do 15 c-. mid. lat. 438“ 9. 86080 | So is departure 86571 2.93708 
12.97708 12.903708 
10.02000 2.89042 
To the departure 865,1 2.93708 To tang. of cou. 484 20. 04666 


L To 


— 2 * 
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82 MIDDLE LATITUDE SAILING. 


Norz. The courſe may be found 


- without the departure, by Middle 
To find the Diſtance, Latitude Sailing, thus : 

A; radius 10. 00000 | As the diff. lat. 777 2. 89042 
I to ditf. latitude 77 2. 89042 | Is to diff. long, 1192 3- 07628 
So is tec. of cou. 48%3” 10. 17505 | So1s co- ſ. mid. lat. 43% 28' 9. 86086 
13. 00547 12. 93708 

10. 00000 2. 89041 

To the diſtance 1163 3- 06547 | To tang, of cou. 489 4 10. 0466 


By G UNT. EX. 


17, © The extent from 46? 32“ the complement of the middle F 


latitude to radius on the line of tines, will reach from 1192 to 865 
on the line of numbers. | 

2dly. The extent from radius or 90® to 417 56” the complement 
of the courſe on the tines, will reach from 777 to 1163 on the line 
of numbers. 

zdly. The extent from 777 to 865,1 on the line of number, 
will reach from 45% to 48,4 on the line of tangents.” 


By INSPECTION. 


Look for the complement of middle latitude, as if it was a courſ- 
in Plane Sailing, and difference of longitude in the diſtance co— 
lumn ; oppoſite to which ſtands the departure in its column. Havy- 


ing the difference of latitude and departure, the courſe and diſtance | 


is found as in Caſe VI. in Plane Sailing. 


Thus, taking z of th difference of longitude 1192 = 298, and | 
as the complement of the middle latitude is 46* 32“, or nearly 464, | 


1 look over 46 and 47, and againſt the diſtance ſtands 214,4 and 


218 in the departure columns; which added together gives 432,4; | 


half is 216,2; this multiplied by 4 gives 864,8, the departure. 


Again, taking Z the difterence of latitude, and + of the departure 
194,2 and 210,2; the neareſt number to theſe ſtanding together are 
216,2 and 194,7 over 48? and againſt the diſtance 291; this mul- 
tiplied by 4 gives 1164 miles: hence the courſe is S. 48˙ W.; and | 


diſtance 1104. 
CASE Ih 


Beth Latitude and Departure from the Meridian given, to find tht | 


Courſe and Diftance, and Difference of Longitude. 


A ſhip in latitude 49% 57 N. and longitude 55 24 W. fails 


ſouth weſterly, till her departure is 789 miles, and ſhe be in la- 


„ 


titude 39 20“ N.; I demand the courſe, diſtance, and longitude 
ſhe is in? 


Latitude 


* 
4 4 * by if 0 5 - — % - 5 oy * & * 
are 1 G l Mi... © + ba Ws * 1 r r mu EO y 8 
2 0 n * . ˙ 7] EIT I». PS "LV 
- 


* HOWE x X 
. 


Latitue e left 49% 5% N. 
Lade in 30 20 N. 
Diff. of latitude 10 37 

F 60 

: In miles 637 

| 


, 


2 © courſe 5 . 


As the diff. of lat. 6 
he Is to radius auf 


Wo 1 1s departure 789 


; Un © 
is == 
+ 12 
4-3 
de 
To tang, courſe 81e“ 
de - 1 


K 


make equal to the departure 789 miles. 
chat will be the diſtance 1014 miles, and the angle DA G the 


q To find the Courſe it will be, 


2. 80414 
10, ooooo 
2. 89708 


MIDDLE LATITUDE SAILING, 


Latitude left 
Latitude in 


Sum of latitude 


Middle latitude 


83 
4057 N. 
309 20 N. 
89 17 N 
44 38 
9 o 
45 22 


Comp. of mid. lat. 


K 


12. 89708 


2. 80414 


10, 09294 | 


L'2 


E 


CONSTRUCTION. 


Draw the meridian A D, from A to D ſet off the difference of 
latitude 637 miles, and on D erect the perpendicular D G, which 


Draw the line A G, and 


Again, draw E K parallel to A D, making the diſtance from 

41 A equal to the departure D G 789, on A deſcribe an arch; take 

the complement of the middle latitude 45 22“ in your compaſſes from 

Ie line of chords, and ſet that off on the arch on the oppoſite ſide of the 

«| meridian A D, through where that cuts the arch draw the line A E to 

Wcut the line K E in E, from E let fall the perpendicular E B, and 
un is done; for A E will be the difference of longitude 1109 miles. 


4 Dy CALCULATION, 


To find the Diſtance it will be, 
As the ſine courſe 5185“ 9. 89101 


Is to the departure 789 
So is radius 99? 


To the diſtance 1014 


2, 89708 


10. COOOO 


„ „ 


12. 89708 
9.89101 
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"+ 00607 
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84 MIDDLE LATITUDE SAILING. 


To find the Difference of Longitude it will be, 


As co- ſine middle latitude 449 38” 9. 85225 
Js to departure 780 2. 89708 
. So is radius go? 10. 00000 


| | 12. 89708 l 
| 985225 BY * 
To difference of longitude 1109 3. 04483 


. ] ongitude the ſhip ſailed from 5 24 W. 
Ditt. long 1109 miles, or 189 29 W. 


Longitude in — 35 zW. 


iſt, The extent from the difference of latitude 637 to the 
departure 789 on the line of numbers, will reach from radius, or 
45 backward to 519 5 the courſe on the line of tangents. | 

2dly. lhe extent from 51 6 to radius or go” on the line of fines, Þ 
will reach from the departure 789 to the diſtance 1014 on the line | 
of numbers. 

zdly. The extent from the complement of middle latitude, 
45* 22' to radius or go” on the line of fines, will reach from the 
departure 789, to the difference of longitude 1109 on the line df: 
numbers, 


By:INSPEC-TION.:-; | 


RuLz. With the difference of latitude and departure, find th 
courſe and diſtance, as in Caſe VI. in Plane Sailing. 


% 
0 3 


2dly. Taking the complement of middle latitude as a court} 
and the departure in its column, and the diſtance correſponding u 
theſe, will be the difference of longitude. N 

Thus, taking a tenth of the difference of latitude 637 and depat. 
ture 789, that is 63,7 and 78,9, the neareſt numbers to theſe ar} 
63.6 and 78,5 ſtanding together over 517, againſt the diſtance 101} 
which multiplied by 10 gives 1010 ; whence the courſe by inſpectia 
is S. 51 W. and the diſtance 1010. 

Taking 45 22“ or 45 as a courſe, and a tenth of the departut 
78.9 in its column, the neareſt is 78, 5, in the diſtance column" 
ſtands 111, which multiplied by 10 gives 1110 for the differen 
of longitude nearly, as hefore. 
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MIDDLE LATITUDE SAILING, 85 


CASE III. 1 
| One Latitude, Courſe and Diſtance given, to find the Difference of » 
| Latitude and Difference of Longitude. it 
A ſhip in latitude 42” 30˙N. and longitude 18* 31'W. fails S. 3 

E. by S. 501 miles, or 197 leagues , I demand the latitude and lon- 4 

L 5 5 33 WW 
gitude the ſhip is in? 9 

1 

4 4 

1 

| 

: . 

| i 

| 4 

B 4 1 

: 1 

2 17 

f i 

* 

By--P-R:Q-:J EC II 0N bl 

With the courſe and ditance, find the difference of latitude and 1 
e departure, as in Caſe I. in Plane Sailing, viz. Draw the meridian | 
DS. AD, and on A deſcribe an arch with the chord of 60, and upon it n 


ſet off the courſe S. E. by S. or 3 points, through where that cuts 11 
> the arch draw the line A C, making it equal to the diſtance 591, 4 
> from C let fall the perpendicular C D; then will C D be the depar- 9 
N ture, and A D the difference of latitude 491 miles. 


he Draw the line E F parallel to AD, making the diſtance from it 9 
cual to the departure. 1 
„ Take the complement of middle latitude 512 36” from the line A 
of chords in your compaſſes, and ſet it off on the arch on the other b 
fide of the meridian -\ D, and through where that cuts the arch 4 
"> draw the line A B to cut the line E F in B, from ; let fall the per- ot 
mp pendicular E P, and it is done; for A B will be the difference of Y 
ws * longitude, 419 miles. k 
"x Latitude left 42 30'N. | Longitude left 18 21W, 5 
dun i Difference of latitude 8 11 S. Difference of longitude 6 59 E, | 4 
00] ; Latitude in 34 19 N. Longitude in 11 32W, 1 
n] Latitude left 42 30 1 
Sum — 76 49 
Middle latitude 38 24 1 
ST * Com. middle latitude 5 36 . 
3 From * 

: | 


5 


86 MIDDLE LATITUDE SAILING, 


From what has been ſaid, it will be eaſy to conſtruct any of the 
following cafes, as they are conſtructed the ſame as in Plane Sail— 
ing: only obſerving, that to find the difference of longitude you 
mult take the complement of middle latitude as a courſe in Plane 
Sailing, with this courſe and the departure find the diſtance, and 
that will be the difference of longitude. 


To find the fame by CALCULATION. 


To find the Difference of Lat. To find the Departure, 

As radius 90? 10. 00000 | As radius go? 10. 09009 

Is to the diſtance ggt 2.77159 | Is to the diſtance 5391 2.77159 

S0 is cv-line cou. 3 pts. 9. 91985 | So is fine courle 3 pts. 9. 74474 
12. 69144 12. 51633 
o. ©0000 10. 00000 


| 
To the diff. of lat. 491,4 2.69144 | To the departure 328,3 2. 51633 


To find the Difference of Longitude. . 
Without the Departure it will be, With the Departure it will be, 


As co-fi. mid. lat. 3824, 9. 89415 | As co-fi. mid. lat. 38247 9. 89415 
Is to line courſe 3 pts. 9. 74474 | Is to departure 328,3 2. 51627 


So is diſtance 591 2.77159 So is radius go? 10. 00090 
12. 51033 2. $1627 
9. 59415 9. 59415 
To diff. of long. 419 2.62218 To diff. of lon, 419 = 659“ 2.62212 
Long. left 189 31 W. 
Whence the ſhip is in lat. 34 14' N. and long. 11 32 W. 


By G UNT EX. 


iſt, © The extent from radius or 8 points to the complement of 
the courſe, 5 points on the line marked S. R. will reach from 
the diſtance 591 to 491 the difference of latitude on the line of 
numbers.“ 

2dlv. * The extent from radius or 8 points to the courſe, 3 
points on the line 8. K. will reach from the diſtance 591 to the 
departure 328 on the line of numbers,” 

3dly. The extent from the tine complement middle latitude 
51” 39 to radius or 90 on the line of fines, will reach from the 


departure 328 to the difference of longitude 419 on the line of | 


numbers. 
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MIDDLE LATITUDE SAILING, 87 


By -INSPECI-IO N: 


RoLz. — With the courſe and diſtance find the difterence of 
latitude and departure, as in Caſe the Firſt in Plane Sailing, 

2dly. Take the complement of middle latitude as a courſe and 
the departure in its column, and againſt it in the diſtance column 
ſtands the difference of longitude, 

Thus, under the courſe 3 points, and againſt a tenth of the 
diſtance 591 = 59, ſtand 49,1 and 32,8; theſe multiplied by 10 
gives 491 for the difference of latitude, and 328 for the departure. 

Now, taking the complement middle latitude 51 36“ or 51 as 
a courſe, and a tenth of the departure 328 = 32,8 in its colunin 
(the neareſt 1s 32:0), againſt which ſtands 42 in the diſtance co- 
lumn ; this multiplied by 10 gives 420 the difference of longitude 
nearly, as before. | 

If the foregoing directions be well underſtood, the Learner will 
not find it difficult to work the following caſes in Middle La- 
titude Sailing, | 


A8 E. IV. 


Cuurſe and Difference of Latitude given, ts find the Departure, Diſtuuce, 
and Difference of Longitude, 


Suppoſe a ſhip ſailing from the Lizard, makes when the vari. 


tion, !ce-way, &c. are allowed for, her courſe 8. 39 W. or S. W. 


oy, S. half weſterly, and then by obſervation is in latitude 45? 
31 N.; what is her diſtance run, and longitude in? 


Latitude of the Lizard N 

Jr | 49* 57 N. — 20P- $7I0 
Latitude by obſervation 45 31 N. — - Er - N. 
[Piflcrence of Latitude 4 26 Sum of latitudes 9 28 
x bo Middle latitude 47 44 
In wile TIEN 266 Co-middle lat. 42 16 
| ny 
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88 MIpDLE LATITUDE SAILING, 


By CALCULATION. : 
To find the Departure it will be, j To find the Diſtanee it will be, | 


As the co- ſine courle 39% 9. 89050 | As the co-fi. courſe 399 9. 8909 
Is to the diff. of lat, 266 2. 42488 Is to diff. of lat. 266 2. 42483 


b So is fine courſe 399 9. 79887 | So is radius 90% 10. 00000 Þ 
— — AER 
& 12. 22376 12. 42489 

9. 89050 9. 890 


— N 


To the departure 215,4 BN 33325 To the diſtance 342,3 2. 53430 ; I 
To find the Diff. of Longitude, | To find the Longitude in. : 


As co-f. of mid. lat. 47 44 9. 82775 | Lizard's longitude 5 14/W. p 
Is to the departure 215,4 2. 33325 | Diff. of lon. 320 miles or 5 20 W. 
Solis radius go? 10. 00000 a 
ting Longitude in 10 34 W. 
1233325 
9. 82775 


To the diff. of long. 320, 3 2. 50550 


EAS EV. 


Beth Latitude and Diſtance given, to find the Courſe and Difference 5 | 
Loneuude, | 


Suppoſe a ſhip runs 200 miles N. weſterly, from a port in 37 N. ö 
latitude, and longitude 10? 25' W. until ſhe be in latitude 41% N. 
what is her courſe and longitude in? | 


Latitude left 379 oN. 37 ooV. | 
Latitude in 41 OO N. 41 oN. ; 
Diff. of lat. — 4 oo Sum of Latitude 78 0 | 
bo Middle latitude 39 O0 
In miles _— 240 Com. mid. lat. 51 E 


MIDDLE LATITUDE SAILING, 89 
, By CALCULATION. 
5 To find the Courſe it will be, | To find the Diff. of Lon. it will be, 
As the diſtance 300 2447712 | As co-ſine mid. lat. 39% 9.89059 
Is to radius 90% 10.00000 | Is to ting. courſe 36.52 9g.1750t 
So is diff, of lat. 240 2.68021 | So is diff, of lat, 249 2.38021 
. 12.3801 1225522 
: 2.47712 9.89050 
. To the co ſine cou. 360 52/ 9.90309 | To diff. of long. 231.6 236472 
| 3 Longitude left —— 1 
; Difference of Longitude 3 852 W. 
| 2 Longitude in — 14 17 W. 
a F VI. 
One Latitude, Courſe, and Departure given, to find the Difance, 
; Difference of Latitude, and Difference of Longitud. 
2 A ſhip ſails E. S. E. from a certain port in latitude 5010 8. 


longitude ſhe 1} 18 in! p 


. 


; 
4 
2 
* 
27 
E* 
x 
. 5 5 


ww 


; 5 10 find the diff. of Lat. it will be, 
As ſine courſe 6 pts, 9.96502 


CL. 
= Go | ls to the departure 977 2.9 9 
| | 4 So is co- ſine courſe 6 pts. 9.58284 
N, 12.5637 5 
_= 9-90 562 
= ; To the dif, of lar. 396.4 2.59813 
> BY 
_ MT 

| K 
Þ ' 


Latitude left 
Diff, of lat. 356, or 


Latitude in 


and longitude 109 10" E. until her departure from the Meridian bo 
1957 miles; * ] demand her diſtance ſailed, and the latitude and 


0? c 
6368 


co 468. 


1 
. 
: 
h 
A 


[ 
4 
| 
* 
+ 
7 
1 
4 
1 
4 


3 


90 
To find the Diſtance it will be, 


MIDDLE LATITUDE SAILING. 


As tine courſe 6 pts. 9.90502 | Lat. left 5$o* 10/5, 
Is to the departure 957 2.98091 | Lat. in 56 468. 
So is radius 10.00000 _ 
We Sum is 2) 106 56 
12.908091 | — — 
9.90562 | Mid. lat. 63 28 
To the diſtance 1036 3.01529 Co- mid. lat. 36 32 
To find the diff. of Long. it will be, 
As co-ſi. mid. lat. 638“ 9.77473 Long. left is 10 16K. 
Is to the departure 957 2.98091] Diff. of long. 1608, or 26 48k. 
So is radius 10.00000 — 
— Long. in 37 41 
12.9891 — 
977473 
To the m. dif, of lon. 1608 3. 20618 
VII. 


One Latitude, Diſtance ſailed, and Departure from the Meridian giden, 
to fiud the Courſe, Difference of Latitude, and Difference of Long. i 


tud-. 


A ſhip in latitude 49% 30“ N. and longitude 14” 4o' W. fail | : 


ſouth eaſtward 645 miles, until her departure from the meridian be 
500 miles; I demand the courſe ſteered, and the latitude and longi- Þ 


tude the ſhip is in? 


3 
5 
— 


— 


Departure 
To find the Courſe it will be, 


As the diſtance 645 2.80956 
Is to the radius 1 0.00000 
So is the departure 30 2.69897 
12.69897 

2.80950 | 

To ſine courſe 50? 6 9.88941 


To find the Diff. of Lat. it will be, 4 


10. 0 


As radius | 
Is to the diſtance 645 
S0 is co-line cou. 50 5o' 9.89043 Þ 
— 
12. 00900 
— 


To the diff, of lat. 407, 3 2.0090 bl 


2. 80955 Wi 


at 


MERCATOR'S SAILING» 91 

| : Lat. left 15 49% 30 N. La“. it ft 49 30 
ko Diff. lat. 407, Or 6 47S. | Lat.in 42 43 
; Lat, in. >a 43 N. Sim is 5 92 13 
0 Middle latitude ] 46 6 
Co- mid. lat. : 43 94 


8 
elbe, on which the degrees of latitude are equal in all places, 
ad the degrees of longitude decreaſe from the equator in pro- 
Portion to the ſine complement of the latitude. 

Though the meridians all meet at the poles, and the parallels 
be, to the h. quator continually decreaſe, and that in proportion to the 
ro-: ſines of their latitudes; yet in old fea charts the meridians were 
wh Irawn parallel to each other, and conſequently the parallels of la- 
4 itude made equal to the equator, and ſo a degree of longitude on any 
— pzalle), as large as a degree on the equator: alſo in theſe charts the 
9 RP cgrecs of latitude were till reprefented (as they are in them- 
" cies) equal to cach other, and to thoſe of the equator ; by theſe 

Incans the degrees of longitude being increaſed beyond their juſt pro- 
ort, and the more fo the nearer they approach the pole, the . 
i VI 2 degrees 


5 To fiad the diff. of Long. it will be, 


5 As co-fine mid. lat. 4626 9.84098 | Long. left is 14% 40 W. 
Is to the departure 500 2.69897 Diff. of long. 712, or 12 10 E. 
© So is radius 10.00000 | — 
. Long. in 2 30 W. 
: 12.69897 

9.849098 


= 
px 


To the diff. of long. 721, 1 2.85799 
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degrees of latitude at the ſame time remaining the ſame, it is evident 
places muit be very erroneouſly marked down upon thoſe chart, 
with reſpect to torr latitude and longitude, and conſequently their 
bearing tom one another mult be very falſe, 

10 remedy this inconvenience, fo as ſtill to keep the meridian; 
parallel, it 1s plain we mult protract or lengthen the degrees of l. 
titude in the fame Proportion as thole of longitude arc, that fo the 
proportion in caſting or welting may be the fame with that of north. 
ing or ſouthing ; and conſequently the bearing of places from each 
other to he the ſame upon the chart as upon the globe itſelf. 

The difficulty in conſtructing a true ſca— chart conſiſts in finding 
a proper manner of applying the ſurface of a globe to a plane; which 
Nir. WRIGHT, an ng slühman, by an ingenious conception, hap- 


pily accompliſhed. 


He conc ived the ſurface of this globe to ſwell like a bladder while : 


it is blowing up from the equator towards the poles, proportional 
in latitude as it does in longitude, until every part of its ſurface meet 
that of a concave cylinder impreſſed on it, whoſe diameter was equi 
to the globe's diameter. "The equator being thus confined, the part 
towards the poles muſt be extended, both in latitude and longitude, t tq 
fill up the cylinder or figure in the form of a rolling ſtone, and im- 
preſs on its concave ſurface the lines drawn on the ſurface of the 

loLe. This cylinder being cut on one of the meridians, from north 
to ſouth, and laid open, would repreſent a true ſea-chart, the parts d 
which bear the ſame proportion to one another as the correſponding 
parts of the globe do, and on which all the lines will be right line; 
having every parallel of latitude on the globe increaſed till it i 
equal to the equator; and ſo the diſtance of the meridians in thef 
patallels will become equal to their diſtance at the equators; conle- 
quently the meridians on the chart are expreſſed by parallel right 
lines. 

Alfo, the meridians being lengthened as the parallels are increaſed 
every degree of latitude is lengthened i in the fame proportion as tht 
degrees of longitude are inc reaſed ; therefore the diſtance of the px 

rallels of latitude grow wider and wider as they approach the poles. 

Vir. GERRARD MERCATOR, a Flemming, in 1556, publiſhed? 
fmilar chart; but in what manner it was conſtructed he did net 
ſhow ; neither v. cre thoſe degrees in their true proportion; when 
called Mercatoꝛ's Charts. 

Mr. Walon, in 1509, publiſhed the Principals of the * 
Sea Chart, and how to con! {rut it on the following principles : \ 

That the diſtance between any two meridians: at the equator is i 


proportion to their d diſtance in any parallel of latitude, as the radius 


the co-{ine of that 45 'tude : 
That any part of a parallel of latitude, is to a like part of the men. 


8. al, £5 the radius, 18 fo the IOCHLIL of that paralle!: 
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And that the diſtance of any parallel of latitude from the equator 
is equal to the ſum of the ſecants of all the arches between the equa- 
tor and that parallel. 

From theſe principles, Mr. WRriGnrt ſet about forming a table, 
by the continval additions of ſecants, of all the parallels of latitude, 
beginning with 1 minute, which he made radius, and thereto 
adding the lecond parallel of 2 minutes, and to the ſum of theſe 
two, the fecant of 3 minutes, &c. The table thus formed, is 
that winch is commonly called the Table of Meridional Parts, (fee 
Table 1.) by means of which a true nautical chart may be con- 
ſtructed, called Mercator's Chart, and all the Cafes in WricuT's, 
commonly called Mercaior's Sailing, conſtructed and calculated, 

As this table contains the meridional parts for every degree and 
minute of the quadrant, from the cquator to the poles, it will be 
ealy to hnd the meridional parts correſponding to any parallel of 
latitude, as for example: 

Required the meridional parts correſponding to the latitude 
33 45 7 

Loc in the top of the table for 337, marked 33d, and in the 
right or left-hand columns, marked (NI), under the degrees 33, 
and oppolite the minutes 45 ſtands 2153, the meridional parts be- 
longing IT 45 | 

When the given latitudes are both north or both ſouth, the 
meridional diiterence of latitude is found by ſubtracting the me- 
ridional parts of the leffer latitude from thoſe of the greater. 

Required the meridional difference of latitude between the Lizard, 
in latitude 49 57“ N. and the IIland of St. Mary's, in latitude 
37 N.?! | 
The Lizard's latitude 49” 57“ N. meridional parts 3470 
St. Mary's latitude 37 co N. meridional parts 2393 


Meridiona! difference of latitude 1077 


When the latitudes are one north and the other ſouth, the me- 
ridional difference of latitude is found, by adding the meridional 
parts correſponding to both the latitudes together. 

Required the meridional difference of latitude between Cape 
Verd in latitude 14* 40 N. and the Cape of Good Hope, in latitudg 
3429" 8. 

Cape Verd's latitude 14* 40 N. meridional parts 896 
Cape of Good Hope's 34 29 S. meridional parts 2207 


Meridional difference of latitude 3103 


FT he ſeveral caſes in Mercator's Sailing are worked by geometry, 
trigonomctry, Gunter's Scale, and the tables of difference of la— 
ge and departure, exactly in the ſame manner as thoſe in Plane 

Sailing, 
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Sailing, by only conſidering the meridional difference of latitude, 
as if it was the proper ditference of latitude, and the ditference of 
longitude as the departure: for it is no more than enlarging the 
prover difference of latitude, ſo as to he equal to the meridional 
diftercnce of latitude; then will the difterence of longitude bear 
the lame proportion to the departure, that meri-lional differences of 
latitude docs to the proper difterence; for, in the following 
agure, (which is the firlt Cate in Mercator's Sailing): 


Let MT repreſent the meridional and MI the proper difference 
of latitude, I' H the difterence of longitude, I O the departure, 
MO the diſtance, and the angle TMH, or IMO the courle; 
then will M | be in proportion to IO, as MT is to L Hz; and the 
contrary, 

Wherefore, as the proper difference of latitude is to the depar- 
ture, fo is the meridional difference of latitude to the difference of 
longitude ; and, 

As the meridional difference of latitude is to the difference of 
jongitude, fo is the proper difference of Jatitude to the departure. 

Since by lengthening or ſhortening the ſides of a triangle does 
not alter the angle: s, the departure may be reduced into difference 
of lo! ngitude, and difference of longitude into departure. 

In all the Calcs (fave the brit) in Mercator's Sailing, the courſe 
diſtance, difference of latitude and departure, are found in the 
ſame manner as thoſe in Plane Sailing ; and then the difference of 
longitude may be found by cither of the following proportions, 
viz. (See the oppoſite figure.) 


By making the cnlarged Diltauce By making Meridional Diſgerence 
M H Radius, it will be, of LatitudeM T Radius, it willbe, 


As the co-line of the courſe As radius 
Js to the merid. diff. of latitude Is to the merid. diff. of latitude 
80 is the line of the courſe So is the tangent of the courſe 


To the diff. of longitude To the diff. of longitude 
But in the Firſt Cafe, it will be, 


O 
— 


As the merid. diff. of lat. MT As radius 
Is to radius 2 Is to the proper diff. of lat. MI 
So is the diff. of long. T H 8 


To the diſtance MO 


So is the fec. of the courſe, 
To the tangent of the courſe; 


Or, when the courſe is found, you may ſay, As the co-fine of 
the courſe is to the proper difference of latitude, ſo is radius to 
the diſtance. 


CASE 
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— 
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CASE 1; 


The Latitudes and Longitudes of two Places given, to find the direct 
Cour ſe and Diſtance between them. 


Required the bearing and diſtance between the Lizard, in lati- 
W tude 49” 57, longitude 5˙ 14' W. and the Ifland of St. Mary's, one 
= of the Weſtern Iflands, in latitude 37 N. and long. 25? 6' W. 
BE Lizard's lat. 49" 57” N. meridional parts 3470 lon. 5* 14 W. 
St. Mary's 37 © N. meridional parts 2393 lon. 25 6 W.? 


g Diff. of lat. 12 57 777 Diff. 1077 Diff. 19 5281192 
DV PROTECTION. 
Lizard 
8 
>| 
c 
? | — 
| | 
f 1 
| 
e 
A H - N — — ; 3 


X Longitude 1192 


| F latitude, and M I = 77), the proper difference of latitude, per- 
a pendicular to MT; draw TH and Il O, make TH 1192 miles, 


che difference of longitude, join H and M; then will the angle 


, #4 H be the courſe S. 47* 54” W. and OM the diſtance 1159 
miles. | 


l 
4 By CALCULATION. 
5 To find the Co vrſe it will be, To find the Diſtance it will be, 
ol! mer. diff. of lat. 1077 4.03222 | As radius go o. ooo 
"yl 3x to radius go 10. oO | Is to prop. diff. lat. 777 2.89042 
Bo is diff. of long. 1192 3.07628 So is ſcc. of courſe 4754 10. 17365 
5 Kt | 
| 3 13.07028 13.00407 
ö ; 3.93222 10.080000 
1 r. tan 1 86 To be 430-7 1 64 5 
L 4 8. cou. 47 54 10.9440 | O the ditt. 1 159 3•0 207 


4 * 9 


By 
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Draw the meridian M T = 1077, the meridional difference of 
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By GUNT E R. 
tom the meridional difference of latitude 1077, t, 
„ue 1192, that extent will reach from radius, 

| courſe 47 54 on the line of tanpents.” 
2d. * F xtend from radius, or 9o”, to the complement of the 
courle 4 6“ on the line of fines, that extent will reach from 


777 to 1159 on the line of numbers.” 
| y INSPECTION, 
a 1 ſt. 1 for the meridion:; il difle rence of latitude and difference | . 
| of longitude, until they are found ſtanding together in their re- | 
4 ſpective columns (as if they were tatitude and de parture) ; and the ; 
f courle will be found among the degrees or points I 
In the latitude column belonging to this courſe, find the proper - 


difference of latitude, oppoſite to which, ftands the diltance in it; Þ : 
column. £4 

2d. Nowa, of the meridional difference cf latitude and the 1 
difference of longitude are 107, and 119,2, the neareſt number 
in the tables are 107,7 and 119,0, ſtanding toget! ier Over . 49”. i 

In the latitude column 1 look for , the proper difference of Þ 
latitude, which is 77,7, the neareſt is 77,6, apainſt this ſtankÞ 
116 in the diſtince column, which multiplied by 10 gives 1100 
nearly, the ſame as that found by calculation, 


. 


4 Both Latitudcs ard t/ De et from the Meridian F1VEN, to find tit 1 
4 Cui ſc, 757 ance, and D ference of Lengitude. | 
2 A Nip in lat, 40" 87 N. and long. SE 14 W ſails S. weſtward, | 
1 until her depart. 5 the meridian be 789 miles, and then by obſcr-F 
' vation is in the lat. 39" 20“ N.; required her courſe ſteered, di 
4 ENCE run, and longitude 111 : 
Lat. lett 49 57  Merid. parts 3470 44 
Lat. in 39 20 RIerid. 275 2571 2 
˖ e 31 
Diff. of lat. 10 37-037 miles Diſ. 899 i : 
_— 9 
| — —b| 
. 
j 6 1 — 
* & Long. 
F By PROJECTION: | 
{ With the proper Giffzrernce of "re and departure, pro! ject h 
ff ſame as in Caſe VI. in Plane Lalling ; cxtend the merid; an A Lv 
| B, and make A B equal to the meridio; Rei diff. of lat. and d 


line parallel to the departure D E; preduce the diſtance A Du to c. E 
this parallel; and 5 B will be the ditterence of longitude. Hens | . 
the angle B AC will be the courſe, 8. 50“ 5 W. D A the diſtaneg $ 

1014, and B C ihed ditiercace of longitude 1114 ety, A 


HN 
1 
+ * 
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#3 


To find the fame by CALCULATION. 


WE A; the P. diff. of lat. 637 2.82414 | As radius 907 10.22000 
: to Radius 99” 10.00000 | Is to diff. of lat. 637 2.80414 
So is the departure 789 2.89708 | S0 is ſec. courſe 51% 5” 10.2011 

5 12.89708 13. 00006 

5 2.8041 4 10.0000 
ro tang. courſe 515 = 10.9204 | To the diſtince 1014 300605 
As radius 90⁰ 10. 00303 Longitude left 5 14 W. 

Is to mer. diff. lat. Bgg 2.95376 | Ditt. of long. 1114 = 18 34W. 
'r : do is tang. courle 51,5 10.009292 . 
1 — Longitude in 23 48 . 

ö ; 1 3.04008 — — 
15 10.00000 Her courſe is 8. 51 5 W.and 
ny — | diſtance 1014 miles. 

To diff. of long. 1114 3.04668 Nor. The diff. of long. may be 
1 found by ſaying, As prop. diff. of 
1 lat. : dep. :: merid. ditt. of Lat, : 
91 diff. of long. 


DDE 


iſt. The extent from diff. lat. 637, to dep. 789, on the line of 
numbers, will reach from radius, or 45%, to 51 5“, the courſe on 
the line of tangents.” 

2dly. The extent from radius to com. courſe 38? 557, on the 
line of fines, will reach from diff. lat. 637, to 1914, the diſtance 
on the line of numbers.” 

8 3ily. © The extent from co-courſe 389 55 to ſine courſe 519 5 
Fon the line of ſines, will reach from merid. diff. lat. 899, to 1114 
the difference of longitude on the line of numbers.“ 


By INSPECTION. 


The diff. of lat. and dep. being found together in their reſpeCtive 
columns will give the courſe among the degrees or points, and the 
dit. in its column: in the lat. column belonging to the courſe, look 


for the meridional diff. of lat. and againſt it will ſtand the difference 

3 pot long. in the departure column. 

& Now + of diff. of latitude and of dep. are 106, 1 and 131,5, the 

Incareſt numbers to theſe are 106,4 and 131,3, ſtanding together over 
e sie the courſe, and againſt diſt. 109, this multiphed by 6. gives 
0882014 the diſtance. x 
Again, over 81 look for 7. of merid. diff. of lat. 89,9 in the lat. 
cu cclumn, the neareſt is go, and againſt which ſtand 111,1 in the dep. 
ENG | 


column; this multiplicd by 10, gives 1111 tor the diff. of longitude. 
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CAB Its 
Beth Latitudes and Courſe given, to find the Diſtance and Difference i; 
Longitude. ' 
A ſhip from the Lizard makes her courſe S. 39% W. and then hy 11 
obſervation is in latitude 45 31” N; required her diſtance run, and Þ © q 
Jongitude in? 1 
Lat. of the Lizard 49” 5) N. Mer. parts 3470 
Lat. by obſer. 45 31 N. Mer. parts 3070 
Diff, 4 26 =266 m. diff. 396M, TT 
S Long. B 6 
. 
By PROIECTION. = 
Draw a meridian AB, the upper end A will repreſent the ſhip's FR , 
place in her firſt latitude. | on! 


Take the proper difference of latitude 266 in your compalſles | 
and with one foot in A, the ſhip's place, lay the other upon the 
meridian ; from A to E, take the merid, diff. of latitude 300 
in your compaſſes, and with one foot in A, the ſhip's place, as before, 
lay the other upon the meridian at B; and upon theſe two points 
raiſe the perpendiculars D E and C B; a line drawn from the ſhips F 
place, making an angle with the meridian equal to 30 the ſhiyps 
courſe, will cut the two perpendiculars at D and C; the firſt will be 
the departure, which terminates the diſtance A D 342, and the othe 
will be the difference of longitude C B = 321 miles. ö 

From what has been ſaid, it is plain, that any caſe in Mercator] 
Sailing may be projected as a right-angled triangle, by only confider- 
ing the difference of longitude, or departure, as the baſe ; the mer 
dional, or proper difference of Jatitude, as the perpendicular; tit 
hypothenuſe cut by the departure as diſtance ; and the angle which“ 
that makes with the perpendicular, the courſe; for in all caſes nu 
Mercator's Sailing, the meridional difference of latitude bears the ſamt A 


i * 


proportion to the difference of longitude, that the proper difference] „ þ 
of latitude does to the departure. „ ip is 

Theſe inſtructions being well underſtood, will be ſufficient to 1. 
form the Learner how to conſtruct any of the following caſes: 
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W CALCULATION; 


To find the Diſtance, To find the diff. of Longitud e. 
As the co-fine courſe 39% 9.89050 | As the co-fi. courſe 39% 9.890 50 
Is to the diff. of lat. 266 2.42488 | Is to mer. diff. of lat. 396 2.59770 


do is radius 10-00000 | 50 is S. courſe 30% 9.79837 
12.42488 12.396557 
9.890 50 9.89050 


—  —— 


— 


To the diſtance 342,3 2.3438 To the diff. of lon. 320, 7 2, 50607 


Longitude left 5 14 W. 
Difference of long. 3213 or $5 21 W. 


Longitude in 10 35 W. 
By GUNT ER. 


| 1ſt, The extent from co- ſine courſe 51, to radius on the line 
of ſines, will reach from the proper difference of latitude 266, to 


the diſtance 342, 3 on the lines of numbers.” 


 2dly. The extent from co-ſine courſe 51", to fine courſe 39? 
on the line of fines, will reach from the meridian difference ot la- 
Stude 396, to the difference of longitude 321, on the line of num- 
pers.“ 


5 By TIN SPE CH-1'QN. 

; Under the courſe 399, and againſt half the diff. of lat. 133, ſtands 
Vi in the diſtance column, which being doubled is 342, the diſt- 
ance; under the ſame degrees, and in the latitude column, look for 
Half the meridian difference of latitude 198, againſt that, in the de- 
Parture column, ſtands 160,5, doubled is 221, the difference of 
pngitude nearly, as before. 


5 e e. 
b. Latitude, C ourſe, and Diſtance given, te find the Difference of 
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Latitude, and Difference of Longitude. 
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To find the Diff. of Latitude it will be. 


As radius 10.00000 | Lat. left 429 30 _ | 2822 
Is to the diſtance 891 2.77159 Pillar. 41 8 1 I N. parts. boy: 
So is co-11, courte 3 pts. 9.91985 — — — 
. It. in 34 1% M. dif. lat. 6:3 
12.691744 
10.00000 
To the diff. of lat. 491,4 2,69144 


Lo find the Diff. of Long. it will be, 
As co-ſi. cou. 3 pts. 9.91785 Lon. left 1831 W. 
Is tom. dif. lat, 623 2.79796 Di. la. 4202 7 oo W. 
S915 S. courſe 3 pts. 9.74474 
— — {| Long. in 25 31 W. 


12. 54270 
9.91985 
To diff. long. 419.6 2.62285 | X Lone 
8“ 


NEX. 


iſt. The extent from radius to 5 points, the com. of tl: 


courſe on the line marked S R, will reach from the diſtance 591 
to the di IGETENCe of latitude 491,4, on the line of numbers.” 


2dly. * lhe extent from co-courſe 5 points, to the courſe ; 
points on the line marked S R, will reach from the meridian diffe- 
ence of latitude 628, to the difference of longitude 419,0, on tw 


line of numbers. 


By INSPECT: I-Q-:N; 


Under the courſe 3 points, and oppoſite a tenth of the diſtaneÞ 


89, in the latitude column, ſtands 49,1, which multiplied by n 
is 491, the ditference of latitude ; then find 1 of the meridian 6 
ference ct latitude 157, in the latitude column, againſt which ſtan 
105 in the departure column, which multiplied by 4, gives 4% 
the difference of longitude, 


Diff. 4== 240 NI. diff. 309 NM. 


ASE. 
Ber) Latitudes and Diſtunce given, to find the Courſe and Different! 
” Lanoitude, 8 
If a ſhip runs 300 miles N. Weſterly from a 1 20 
port in latirude 37 N. and longitude 10925 W. | 
until ſhe be in latitude 41' N.; required the Dep. | 
courle ſtecred and longitude in? — 
Lat. left 37 N. lerid. parts 2393 1] 
Lat. in 41 N. Xlerid. parts 2702 | 
= 1 
Wy 1 | 
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6 By CALCULATION; 
To find the Courſe. To find the Diff. of Longitude. 

As the diſtance 300 2.47712 | As co- ſi. cou. 36” 2 9.9031 t 
Is to radius 10.95000 | Is to mer. diff. of laut. 309 2.48996 
$0 is pro. diff. of lat. 240 2.38021 | So is line cou. 3652 9.77812 

12. 38021 12. 26808 

2.47712 8.590311 
To the co-fi. cou. 30 52“ 9.90309 | To the diff. of long. 231,7 2.36497 


Longitude left | 


10” 25 . 


Diff. of longitude 231, or 3 31 W. 


Longitude in 


14 16 


By GUN TER. 


iſt. © The extent from the diſtance 300, to the proper difference 
of latitude 240, on the line of numbers, will reach from radius or 
g0?, to 53 8 the complement of the courſe, on the line of fines.” 

2d. The extent from co-courſe, 5398“, to courſe 36? 527, on 


the line of ſines, will reach from the meridian difference of lati- 


tude 309, to the difference of longitude 231,7, on the line ot num- 


By INSPECTION. 


With the diſtance and difference of latitude find the courſe ; 
then, in the latitude column belonging to this courſe, find the 
meridian difference of latitude ; ag 
column, will ſtand the difference of longitude. 

Thus, half the diſtance 150, and half the difference of latitude 
129, will be found ſtanding together in their columns, nearly under 
375, the courſe; and in the latitude column, find halt the meridian 
difference of latitude 1 54, 5, the neareſt to it is 154,1 ; againſt which, 
in the departure column, ſtands 116,1, which doubled is 232, 2, 
the difference of longitude nearly, as before. 


CASE. VI. 


One Latitude, Courſe, and Departure given, to find the Diſtance, 
Difference of Latitude, and Difference of Longitude. 


bers.“ 


A ſhip ſails E. S. E. from a 
certain port in latitude 5010 
8. andlongitude 109160 E. un- 8 
til her departure from the me- 
"dan be 957 miles; I demand 
the aſtance ſailed, and the la- 
titudt and longitude {hg is in? 


4 


ainſt which, in the departure 


102 MERCATOR'sS SAILING. 


To find the Diſtance it will be, 


To find the Diff. of Lat. it will he, 


2dly. The extent from 6 points to 2 points, on the line marked 
SR, will reach from the departure 957, to the difference of latitude | 
396, on the line of numbers.” 11 


2dly. * The extent from 2 points to 6 points, on the line marked A 
SR, will reach from the meridian difference of latitude 667, to the I 
difference of longitude 1010, on the line of numbers.“ 80 


| As the tine cou. 6 pts. 9.96562 | As fine cou. b pts 9.96 562 
F Is to the departure 957 2.98091 | Is to departure 957 2.98097 
| SO 1s radius 10.00000 | So is co-ſi. cou. 6 pts. 9.58284 
v 12.98091 12.5637 
1 9.90 502 9-90 502 
A — | 
| To the diſtance 1036 3-01529 | To diff. of lat. 306.2 6307 2.59813 ' 
| 
To find the Diff. of Longitude. | Lat. left 50® 10“ S. mer. pts. 3490 3 
As co-ſi. cou. 6 pts. 9.58284 Lat. in 56 46 S. mer. pts. 4157 
Is to mer. diff. of lat. 667 2.82413 — — 
So is {1, cou. 6 pts. 9.96562 Merid. difference 667 
12.7897 f Long. left 1010/ E. 
9.58284 Diff. of longitude 1610 826 50 F. 
0 To diff. of long. 1610 3.20691 Longitude in 37 6E. 
7 
1 
By GUNT E R. 8 
1 iſt. The extent from 6 points, to radius on the line marked . 
| SR, will reach from the departure 957, to the diſtance 1030, on ; 
the line of numbers.” : 
11 


By INSPECTION. E 


Over the courſe of 6 points, and againſt a fifth of the departure T. 
191,4, ſtands 79,2 and 297, which multiplied by 5 gives 396, the FR Le 


difference of latitude, and 1035 for the diſtance. ; 1 
6 . » 2» = 40 
Then, in the latitude column, find a tenth of the meridian dif- 


ference of latitude 66,7, the neareſt to that is 66,6 ; againſt which. FR 
in the departure column, ſtands 160,8, which multiphed by 10 » an 
1608, the difference of longitude, &. 


E 
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CASE. Vil 


One Latitude, Diflance ſailed, and Departure from the Meridian given, 
to find the Courſe, Difference of Latitude, and Difference of Lon- 


gitude, 


A ſhip in latitude 49 3o' N. and 
ſongitude 14? 40 W. fails S. caſt - 
ward 645 miles, until her departure 


from the meridian be 500 miles. Re- 2 
\ quired the courſe ſteered, and the — 
latitude and Jongitude ſhe is in? 1 Dep. 30 


To find the Courſe it will be, 


As the diſtance 645 2.89956 
ls to radius 90 10.00000 
So is departure 500 2.69897 
12.6989) 

2. 809 56 


To fine courſe 50? co 9.88941 


To find the Diff. of Long. it will be, 
As co-fi. cou. 50 50 9. 80043 
Is to m. diff. 1 588 2.76938 
So is fine courſe 509 fo“ 9.88948 


* 
2 


a 12.6 5886 
g 9.8004 3 


To dif. lon. 72 1535 12 2 2.85843 
Long. left 


14 40 
; Long. in 2 38 W. 


Hence the ſhip's courſe is 8. 


Q 
_— 
* D 5 


* Long. -- 
To find the Diff. of Lat. it will be, 


As ſine cou. 50 50 9.88948 
Is to departure 500 2.69897 
So 1s co-11, cou. go? oo! 9.80043 
12. 49949 
9.88948 


To diff, lat. 407, 3 6947“ 2.60992 


Lat. left 49300 N. M. pts. 3428 
Lat. in 42 43 N. M. pts. 2840 


Merid. diff. lat. | 588 
As pro. diff. of lat. 407, 3 2.60992 
Is to departure 500 2.69897 
So is m. dif. of lat. 588 2.76938 
5.46835 
2.00992 


To dif. of long. 721,8 2.85843 


50˙ 50 E. or S. E. I eaſt nearly, 


and the is in the latitude of 429 43 N. and long. 25 38“ W. 


BY 8 U N T R RN. 


iſt. The extent from the diſtance 645, to the departure 500 
on the line of numbers, will reach from radius to 50? 50, on the 


line of fines,” 


— 
5 o 

% 
« 
- 


2dly. 


1 
F 
a1 
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The extent from 5o” 50” to 30 100, on the line of ſine, 
will reach from the departure 500, to the dittcrence of latitude 
407, on the line of numbers.” 

3dly. * The extent from 39% 10' to 50˙ 5o', on the line of fines, 
will reach from the meridian difference of latitude 588, to the 


ditterence of longitude 722, on the line of numbers.” 


BY I NSF EE CiFO:N; 
Now a fifth of the diſtance and departure are 129 and 100, and 
and in the latitude column ſtand; 
81,2. which multiplied by 5 is 406, the difference of latitude.” 
1 hen, in the latitude column, ſeek + of the meridional difference 
ot latitude 147, the nearelt is 146,6; againſt which, in the de. 
parture column, ſtands 181,1, which multiplied by 4 is 724, 4, the 


difference of longitude. 
Having in the preceding parts ſhewn how to work the moſt 


uſeful problems in Middle . tit ude and Mercator's Sailing; 
now work the four following cafes both by Middle Latitude and 
Mercator's Sailings, in the manner J generally teach perſons who 
are of age, and youth of good abilities; eſpecially if they are li 
mited to a ſhort time; and 1 believe they are all that can well 


happen at fea. 
The fellywing four Caſes are wor _ by Middle Latitnde and 1ercatar' 


— * Ts FP 


are found together over 51® 


Required the bearing and di ance between the Lizard in Jati- 
tude 49* 57” N. longitude 5* 14 W. and the Ifland of St. Mary's 
one of the weſtern iflands, in latitude 37“ N. and longicud 


25* 6 welt? 
Lizard's lat. 
St. Mary's lat. 37 


Diff. of lat. 


499 5% N. Merid. pts. 3470 Lon. 54 W. 


N. Merid. pts. 2393 Lon. 25 o W. 


* 2 777 miles. Diff. 1977 Diff. 19 52 = 1192 miles 


Middle lat, 
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3 
By PROJECTION. 
* By Mercator's Sailing. | By Middle Latitude Sailing. 
EZ Draw the meridian MT == 1077 Draw the meridian A B, with the 
: the meridian diff. of lat. and MI | chord of 60 deſcribe the arch VS, 
/ the proper diff. of lat. per- upon which ſet off 462 32' the com. 
. endicular to MT draw TH and | ot middle latitude from Q to 8; 


10. Mike T H = 1192 miles, the 


* Gifference of longitude. Join Hand 
Z M, then will the angic THM be 
E courle 8. 47" $4” W. and OM the 
diſtance 1159 miles. 


1 

13 | he 
y By Mid. Lat. Sailing. 
As radius 90 10.00000 
Is to dif. of long. 1192 3.07628 
So is co-fi. m. lat. 439287 9.86080 
5 12. 93708 


10. C0000 


I | a To the departure 865, 1= 2.93708 


| 
As diff. of lat. 777 2.89042 
Is to radius 90 10,00000 
Jo is the departure 865, 1 2.93708 
A i 12.03708 
9 : 2.099042 
| 10 tang, of courſe 489 4/ 10.040600 | 
| 5 As radius ro. ooo 
Is to the diff. of lat. 777 2.89042 
dos the ſec. courſe 48947 10. 17 505 
6 13-00 547 | 
481 I 0.00000 
2 PN 3 
5 To the diſtance 1 163 3.06547 
p 


MERCATOR'S SAILING». IO 


through 8 draw the line A N=1192 
miles, the difference of longitude, 
Let fail the perpendicular N B, 
which will be the departure 865. 
Upon AB ſet off AC 5777 miles, 
the difterence of latitude ; and upon 
C erect the perpendicular C D, and 
upon it ſet off the departure 865. 
Join D and A, and it is done; for 
D A will be the diſtance 1163 miles, 
and the angle CAD the courſe 8. 
482 4/W. | 


By CALCULATION. 


By Mercator's Sailing. 
As the m. dif. of lat. 1077 3.03222 
Is to radius go? 1 0.00000 
So 1s the dit. oflong. 1192 3.07028 


13-07028 
3-03222 


— 


Tang. of cou. 47 54 10. 04406 


As radius 10.00000 
Is to the p. dif. of lat. 777 2.89042 
So is ſec, of cou. 47? 54 10.17365 


13-00407 
10. 00000 


— 


To the Diſt. in miles 1159 3.06407 


Nor. The Courſe may be found 
by Mid. Lat. Sailing without the 
Departure; thus, 

As diff. of lat. 777 2. 89042 
Is to diff. of long. 1192 3.07628 
So is co- ſi. m. lat. 43? 28” 9. 86080 


12.903708 
2.89042 


©) 
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To tang. courſe 499 4” 1004666 
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By G UNTER. 
By Miop l LatiroupE SAILING, 

iſt. « Extend from radius or 90%, to 46" 327 the comp. mid, lit. 
on the Inc of fines, that extent will reach from the diff. of long 
1199, to the dep. 865, on the line of numbers.” 

24lly. * Extend from the diff. of lat. 777 to the dep. 865, om 
the line of numbers, that extent will reac h rom radius or 459, ty 
the courte 48 4, on the line of tangents.” 

zdly. * Extend from the courſe 48% 4/, to radius or 90%, on the 
line of lines, that extent will reach trom the departure 805, to th: 
diltance 1103 miles, on the line of numbers.” 


BY MESRCATFOR; 
iſt, * Extend from merid. diff. of lat. 1077, to diff. of longitud 
1142 on the linc of numbers, that extent will reac h {rom radius 0 
459, tothe cout ſe 479 54, on the line of tangents,” 
2dly. Extend from radius or 90, to the comp. of 429 & ont} 
line of fines, that extent will reach from the prop. ditl. of lat. 777, 
to the diſt. 1159, on the line of numbers.” 


By INSPECTION. 


By Mipplir LatitupE SAILING. 


Look for the comp. of mid. latitude, as if it was a courſe in Plaz 


Sailing, and difference of longuude in the diſtance column, opp 
ſite to which will ſtand the departure in its column. Having ti 
difference of latitude and departure, the courſe and diſtance is foul. 
as in Cale VI. in Plane Sailing. 
Thus, taking z of the difference of longitude 1192298, and 

as the corap. of middle latitude is 40? 32“ or nearly 405%; 1 los 

over 46% and 47", and againſt diſtance 298 ſtands 214.4 and 21) 
in the departure columns; which added together, gives 4324 
half is 216,2, this multiplicd by 4, becauſe the difference of bon. 
prone was divided by 4, gives 864, 8, the departwme : Again, takin, 

I of the ditt-rence of latitude, and 1 of the departure 194,2 at 
2162 2, the ncareſt numbers to theſe ſtanding together are 210. 
and 194.7, over 48 and agunit the qiſtance 291; this nultipli 
by 4 gives the diftar nee 1 104 miles. Hence the courſe is 8. 48 Wi 
and diſtance 1104 miles. 


B MERCATOR. 
1ſt, Look for the meridian difference of latitude and different 
of longitude, until they are found ſtanding in their reſpect" 
cotumns; (as if they were latitude and departure) and the cou 
will be found among the degrecs or points, in the latitude col umz. 
belonging to this courſe, find the proper difference of latitude, & 


polite to which {ſtands the diſtance in its column. 
Not 


- NW. 4 i 0 you 5 * F 
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1 

J Now 1 of the meridian difference of latitude, and the h of the 
| diircnce of longitude are 107,7 and 110,2, the nearclt number; 
in the tables are 107,7 and 119, {landing together over 489, which 
is the courſe ; over 48“ in the latitude column, 1 look for the 

y 5 the proper difference of latitude, wWhic!; 15 77,7. tlie ncarcit 15 

77,0, ahainſt this ſtands 110 in the diſtance columm, which mul- 

tiplicch by 10, gives 1160 the diſtance newly, as before. 


a 


1 7he D; 'PFerence of Latitude and Departure given, to find the Courſe, 
RE :// ances and Difference of Longitude, by Aliddlc Latitude and 


Alwcator”s Sailing 


A ſhip from the latitude of 379 N. and longitude 45” 20 W. 
„fails between the north and caſt, until the be in latitude 51“ 15” N. 
a and finds that ſhe has made 504 mijcs of departure; what was her 

dircet courle, diſtance run, = | longitude in? 


7 Mm left 37” ON. Mer. parts 2393 


& ; . : 373 
Hat. in 51 15 N. Mer. parts 3593 
eee 
14 + 5 miles Dif. 1200 P 
1 * 
Yr If lat, 88 13 —.— 
60 x f | — 
te w lat. 44 7 3 WL vv 
n — 90 | 
Ul 1 F. 
5 44+ 71 
_— mz 3-3, 
mo Comp. mid. lat. 45 53 


Draw the meridian DP, make it equal to 255 the difference of 

: tude; ; on P ercct the perpendicular P N, and make it=564. the 

parture ; Join D and N, then will the angle P D N be the courle 
33“ 25' W. and D N the diſtance 1025 miles. 


At the diſtance of the departure 564, draw E F parallel to DP; 
P3:th the chord of 609 deſcribe the arch T 8, and upon it fet 0: : 

= comp. of the middle latitude 4.59 53' from S to I, through T 
raw DO, to cut E F in O, then will OD he the difference of lon- 

Kit 785.6 miles, by Middle Latitude Sailing. 

£ enn, produce DP to A, and make DA = 1200 the merid. 
llifference of latitude ; ; draw AB parallel to P N, and produce 
N untilit cuts A B in B ; then will A B be 791.7 miles; the dif- 

: Werence of longitude by Mercator's Sailing. 


Q 2 By 


108 MENCATOR'“s SAILING. 


By CALCULATION. 


As the diff. of lat. 85 5 2.93197 | As radius go? ro. oc 
Is to radius go? 10.00000 | Is to the dift. of lat. 865 2.931% 
S0 is the departure 564 2.75128 | So is ſec. courle 33 25” 10.0784) | | 
— | ns Ra: ; ! 
12.75128 13-0104; E 
2.93197 10.09009 ; 
To tang. of cou. 33 25 9.81931 | To the diſtance 1023 43.0104; : 
= C 
| To find the Difference of Longitude, © : 
By Middle Latitude Sailing. | By Mercator's Sailing. 1 
As co-fi. mid. lat. 44% 7 9.85008 | As co- fi. cou. 33% 25 94921 52 
Is to departure 564 2.75128 | Is to mer. dif. lat. 1200 3.07916 
50 is radius go? 10.00000 | Sv is the line cou. 3325 9.749%; 
12.7512d 12.0201! Wn 
9.8 5008 9.921; = 
To dif. of lon. 535,6 miles 2.89520 To diff. of lon. 70% ms. 2.898% 


6, 078,6 6,0) 792 2 P: 

l 

Diff. 13 6E. Dif. lon. 13 12 E. 1 
Lon. left. 48 20 W. Lon. left 48 20 W. 6 

Long. in 35 14\W.byM.Lt.Sailing. | Long. in 35 8 W. by Mer. Sail 


Her direct courſe is N. 33˙ 25 E. o N. E. by N. nearly, au ;- 


diſtance 1025 miles. 5 
By GUNT E R. | = 
| iſt. * Extend from 855 to 564 on the line of numbers, that er. 
| N tent will reach from radius or 45, to 33" 25 the courſe, on u ar. 
3 line of tangents,” in. 
If; 2dly + Extend from radius or 90, to the courſe 339 25 on ti: th, 
tit tine of fines, that extent will reach from the departure 564, m 
{ the diſtance 1025, on the line of numbers.” 1 
4 zdly. Extend from radius or 909, to the complement of midd tit. 
tt latitude 45? 53/ on the line of ſines, that extent will reach fron Wn fer 
ut the departure 564, to 785 miles, the difference of longitude cor 
. Middle Latitude Sailing.” Wc: 
1k 4thly. * Extend from the fine of the courſe 339 25 to the * 
1 ſine of the courſe 56935“ on the line of ſines, that extent wußh 25. 


reach from the meridional difference of latitude 1200 to 792 miles 


bt the difference of longitude by Mercator.” | 7 
Wi 4 Or, the extent from the difference of latitude $55, to the & o 
'M partare 564, will reach from the meridional difference of latte \. 1 


| 2379, to 792, on the line of numbers.“ 


h 


TY 


1 = 
45 


— 
* 
36. 


— 


8 
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BY -1:N-8P-E C1 + VN; 
With the difference of latitude and departure, find the courſe 
and diſtance as in Caſe VI. in Plane Sailing. Take the complc- 


ment of middle latitude as a courſe, and the departure in its column, 


the correſponding diflance will be the difference of longitude, by 

Middle Latitude Sailing. And, | 
Having found the courſe, inftcad of the proper difterence of lati- 

tude, find the meridional difference ot latitude in the latitude 


column belonging to the courſe; the correſponding departure will 
be the difference ot longitude, by Mercator's Sailing. 


Now taking tg of the difference of Jatitude, Fs of the departure, 


— 


. viz. 85, 5 and 50,4, the nearel} numbers ſtanding together in the 


tables to thete are, 85,5 and 55,5, under 33 againſt diſtance 102, 
and 85,4 and 57,6, under 34 againtt diſtance 103; now 33“ added 
to 34” is 67, half is 33” 300 the courſe ; and 102 added to 103 gives 
205, half is 192,5, which multiplied by. 10, gives 1025 the diſt- 


W ance. 


To find the Difference of Longitude. 
Over the complement of middle latitude 469, find } of the de- 


WT parture, viz. 141 in its column, and againſt it ſtands 196 in the 


E diſtance column, this multiplied by 4, gives 784 miles. the dit- 


wer 
= 
- 


4 


# meridional difference of latitude = 120 in the latitude columns, 
under 33“ and 349, the neareſt numbers to theſe are 110,9 and 
120, a, the departures correſponding are 77,0 and 81,1, their fum 


. 


is 159, half is 79,5, which multiplied by 10, gives 795 the dit- 


terence of longitude, by Middle Latitude Sailing. 
Again, the courſe being 332 25” or nearly 33 , look for s of 


WF :crence of longitude, by Mercator's Sailing, nearly, as before. 


rom what has been ſaid, it is eaſy to perceive that all the 


E Caſes (fave the firſt) in Middle Latitude and Mercator's Sailing, 
are projected and worked in the. ſame manner as in Plane Sailing, 
and to obtain the difference of longitude by Middle Latitude Sailing, 
the complement of the middle Jatitude is taken as a courſe in 


Plane Sailing, and with this courſe and the departure, the diſtance 
found, which will he the difference of longitude by Middle La- 
utude Sailing. And having the courſe, take the meridional dit- 
® ference of latitude, as if it was the proper difference of latitude, the 
Ncorretpondipg departure will be the difference of longitude by Mer- 
W cator's Sailing. 


4 The Courſe aud D:ftance given, to find the Difference of Latitude, ang 


Difference of Longitude. 


A ſhip from Cape Clear, in latitude 51? 15/ N. and longitude 


_; * / 7 _ Bo * , . * 
= 50 W. fails S. W. by S. until ſhe has run 1922 miles, what 


Atmtude and longitude is the in? 


Ag 
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As radius go® 10.00000 | As radius o 10.00909 
Is tothe diſtance 1022 3-00945 | Is to the diſtance 1022 3.004; 
OO is fine courle 3 pts. 9-74474 | So is Co-line co. 3 pts. 9-9198; 
I2.75419 12.9293 
10.00000 | 10.00000 
To the departure 567,8 2,5419 | To the diff, of lat. 849,8 2.9293 


Now 849,8, or 8 5 divided by 60, gives 14” 107 S. and being ſub- 
ſtracted from the latitude of Cape Clear, leaves 37“ 5 the latitude 
in: Hence the middle latitude is found to be 44 10, and meridio- I. 
nal difference of latitude 1194. W hence, 4 


10 


1 | 
i To find the Difference of Lon- To find the Difference of Longj- 
gitude by Mid. Lat. Sailing. tude by NMercator's tailing, 
| As co-ſine m. lat. 44% 1& 9.85 571 | As the co-!i. courſe 3 pts. 9.9199; | ? 
Is to the departure 567,8 2.75429 Is to mid. diff of lat. 1194 3.07700 10 
7 So is radius go? o. oo | 50 is fine Courle 3 pts. 9-74474 WE 
10 — | — =_—_ fc 
5 312.7 5420 12.821719 
1. 9.85571 991985 Us 
1 To the diff. of lon. 791,6 2.89849 | To the diff. of lon. 707,8 2.90189 2 C 
15 1 * I — = 
i Cape Clear's long. 9 zo“ W. Cape Clear's long. 9? o V, 
0 Diff. of long. 792 = 13 12 M. J Dit. of long. 978 = 13 18 W. 
: : 1 a — WE i 
Lon. in by mid. lat. = 23 2 W. {| Long. in, by Mercator, 23 8. *5 
. . * . | "4 CO 
t The Courſe and Difference of Latitude given, to find the Diſtance ard 
pg Difference 7 Langitude. 1 
1 A ſhip in 37 N. and longitude 22? 50 W. fails N. 22% 20“ E. 
| 5 for ſeveral days, and then by obſervation is found to be in the lat- Wt 
#4 tude 51* 15' N.; required the diſtance run and longitude in? : [ 
4.5 * / 2 F 1 ( 
. Lat. 81 15 Mer d. Parts 3593 | Bon 
þ Lat. 7 Merid. Parts 2393 * 
Diff. 14 15 = 865 miles 1200 merid. diff. of lat. ; 3 
Cum 5 88 185 447 mid. lat. | | : 0 \ 
As coelinc couric 222 207 9.96614 As co fine cou. 229 20 9.96614 j fl G 
Js to diff. of lat. 85 5 2.93197 [ls to oft, of lat. 855 2-9319f | ** 
* NW 8 0 ee * _ . = 3 a 3 4 
So is ſiue courie 229 2c! 9.57978 | SU is radius GO 1 And 
12.6117 12.93% 
9.96014 9.90015 | A 
— — — | 
. 0, 
To the departure 351.3 2.54501 | Toe the diſtance 923,3 2.00% 
4 
* 


1 222 „ 


N Lon. left 22 50 W. 


Long. in 


| s » »; 
14. ane 
D —ͤ—ͤ—ũ—u d 


E A 
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To find the Difference of Longitude, 


By XIid. Lat. Sailing. | By Mercator's Sailing. 
As co-fine mid. lat. 449 7 9: $5008 | Co-fi. courſe 229 29 9.96614 
{z to» the departuie 351“ 32.4561 | Is to mid. dif. of lat. 1200 3.07918 
Sy is radius go? 10.00000 So is line courſe 22® 20 9.57978 


— 


12.5461 


12.65896 
9.85008 9.96014 
To dif. 1. 489 = 8 9 E. 2.68953 | To dif. lon. 493 =8® 43 2. 69282 


Long. left 22 56 


14 47 W. by m. lat. | Long. in 


14 43 W. by Mer. 


Theſe four caſes are all that can wel! happen at ſea; but as ſome 


= Young men are inattentive, and frequently looking in the book to 
ES cc if their calculation is the ſame as that ſet down; 


The Teacher perhaps may find it neceſſary to let ſuch work the 


: following queſtions by way of exerciſe: 


21e. 1ſt. Required the bearing and diſtance of Hang. Cliff in 
Shetland, in latitude 609 9 N. and long. 58“ W. and the North 


Cape of Lapland, i in lat. 717 10'N, long. 2693“ E.? 


F Af. IN. 4.4 48, E. diſt. 938.5 miles, by Mercator's Sailing. 


5% 19 E. dit. 940 miles, by Middle Lat. Sailing. 


Aug. 2d. A hip in lat. 37? N. and longitude 489 20f W. 
| fails between the N. and E. until ſheis in the latitude of 51 18/N. 


Oueſt, 


Land finds the has made 564 miles of dep. ; required her direct 
E: courſe, and diitance run, and longitude in? 


N. 33 19. E. diſt. 1027 miles, long. in 35* 14 W. by 
400 Middle Latitude Sailing. 
„ 19 E. diſt. 1027 miles, long. in 35? 8“, by Mer- 


cator's Sailing. 


Dreft. 3d. A ſhip from the lat. of 50 30“ N. fails S. S. W. 


150 leagucs; What lat. is ſhe in, and how OR. has ſhe differed her 
| rome f 


oy 
11 * 


; 
= - 


Lat. in 439 34 N. diff. of long. 253,3 miles, by Mercator's 


Sailing, 
8 Lat. in 43⁰ 34 N. diff. of long. 252, 6 miles, by Middle 
Luatitude Sailing. 


Of. 4th. A ſhip from latitude 209 40' N. fails N. E. by E. 


aal ſhe be in the latitude of 279 16'N. ; required her diſtance Bay 


Wand | difference of longitude ? 
Diſtance run 712,8 miles, difference of longitude 648,1 
An miles, by Mercator, 


Diſtance run 712,8 miles, difference of longitude 648,6 
miles by Middle Latitude, 


. Reſt, 


> * - 


* 


TY — = — — 
. I 


2 — 


— , .. EH 


1 HS 


Loa nes 


— 
- 


- 
— 1 
— — —— — — — 
* - "+ 4 I 225  - N —— 


92222 


— 2 — — Pp ——[„— 


— 4 

— %.. 

n_—_—_— — == 
4 - 


we | \ 
_ 6—— U— — ——— 
. <4 Py 


1 


12 MERCATOR'S SALLING. 


. 5th. Suppoſe a ſhip from the latitude of 45? 49” N. fall 
8 the S. and E. Coo miles, and then her departure is com. 
puted to he 308 miles; required the courſe, Katte, and differenc. 
of longitude? 


Courſe S. 30 53 E. latitude in 37 5 N. difference of lon. 
tn gitude 411,5, by NMiercator. 
Icourſe 8. 30 53“ E. latitude in 377 „ N. difference d 
longitude 410 4, by Middle Latitude. 


Prieft, 6. A ſhip from the latitude 53 300 S. ſails N. N. W. 
until her difference of longitude be 7“ 40; required the latitud 
the is in, and her diſtance Tailed ? 

Nork. This muſt be worked by Mercator's Sailing, thus: 

As tang. courſe 229 30“: radius or go? :: the difference of lon- 
gitude: to the mer. diff. of latitude 1110 miles. Now, from the 
meridian parts of Jatitude left 3073, take the meridian diff. of lat. 
tude 11 10, 1 the remainder 1963, is the meridian parts of the latitul 
come to 310 4 S. Having the courſe and proper difference of lat. 
tude, the reſt i is found by Calc II. in Plane Sailing. 


Au. The ſhip is in latitude 31 4 S. diſtance 937, 4 miles. 
Peft. 7. A ſhip in the nude 51? 15˙ N. and longitude 222 VM. 


fails between the S. and . until ſhe has made 564 miles of depar- 
ture, and 786 miles of difference of longitude ; required het 
courſe, Elance: and latitude, and longitude in? 


NoTE. This muſt be worked by Middle Latitude Sailing, s 
thus: 

As diff. of long. 786: radius :: the departure 564: co- ſine d 
middle Jatitpde 44 Y, T 44" 9 = 88” 18% the ſum lat. and 88' 18 

— 51 15 lat. left 379 3 N. Having the difference of latitude 
and "departure, the courie Ia found to be S. 30˙ 30 W. and th 
diſtance 1021, 7 miles. 

It may now be ſuppoſed that the Learner is capable of workin, 
any ſingle courſe, either by Middle Latitude or Mercator's Sailing 
we ſhall now proceed to Compound Courſes, commonly called Tre 
verſe Sailing, which may be worked by Middle Latitude and Mer 
cator's Sailing; either by projection, calculation, Gunter's ſcale, c 


iunſnection. WJ:tity 
How to ſolve compound courſes, or a traverſe, has already be" Were 
ſhewn in Plane Sailing; but it is neceflary alſo to thow, how pe 
per allowances for the longitude ſhould be introduced into fu! if J 
accounts, which 1s ealily done by any of the following methods; 4 
iſt, Complete the traverſe table to each courſe and diſtance 2 3 


P:ane Sailing, and find the whole difference of latitude, departus 
aid latitude in. 
2dly. With the whole difference of latitude and departure, fin 


the direct courle aud diſtance, | 
300 


MERCATOR'S SAILING. 113 


Jay. With the latitude left and latitude in, find the complement 
of the middle latitude; with which and the departure, find the 
difference of longitude by Middle Latitude Sailing. 

Or, with the courſe and meridional difference of latitude, find the 

difference of longitude by Mercator's Sailing. 

* Theſe methods are generally uſed in working a day's-work at 

© {ca ; but thoſe that want a greater degree of accuracy, may work by 

the following methods, eſpecially in high latitudes : 

* By the ſeveral differences of latitudes and departures, found in the 
tables of difference of latitude and departure, find the latitudes come 
Bo, middle latitudes, and complements of middle latitudes : with each 
complement of middle latitude and correſponding departure, find 
the difference of longitude to each courſe and diſtance, and ſet them 
down in the two additional columns marked difference of longitude, 
Faſt and weſt, according to the departure uſed ; add up the eaſt and 
yeſt columns, and their difference will be the whole difference of 
longitude, by Middle Latitude Sailing. 

* But if you work by Mercator's Sailing, find the meridional dif- 

ference of latitude for each courſe and diſtance ; with each courſe 
and meridional difference of latitude, find the difference of longi- 
tude; which ſet down as above directed, and the difference between 
the eaſt and weſt columns will be the difference of longitude by 
Mercator's Sailing. By this method the ſhip's place may be found 

at the end of each courſe and diftance run, and pricked off on 
n Mercator's chart. 


EXAMPLE I. 


= Suppoſe a ſhip from the Land's End in latitude 50 6' N. and 
engitude 5* 55 W. is bound to the ifland of St. Mary's in lati- 
x Wtade 37% N. and longitude 259 6' W. but by reaſon 40 contrar 

Nvinds is obliged to ſteer the following courſes, viz. S. by W. 24 
niles, W. S. W. 32, N. W. 2 W. 41, S. S. E. 4 E. 49, E. N. E. 
F. 19, W. 21, N. E. 4 E. 36, S. 41, S. S. W. 92, and N. 36 


he direct courſe and diſtance to her intended port? 
Wich the ſeveral courſes and diſtances, find their differences of 


Jititude and departure, and ſet them down as in the following Tra- 
perle Table: 


5 TRAVERSE 
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TRAVERSE TABLE. 


| _ — 
Courſes, | Diſt, EI OS — — 
8. E. | W. | 
S. by W. | 24 | + „ 1 4 
W. S. W. 32 12,2 | 29,0 | 
IN. W. W. | 41 26,0 | 31,7 | 
S. S. E.4 E.] 49 44,3 | 21,0 
E.N.E.3E.] 19 4,6 | 18,4 
| Weſt. BE | 21,0 | 
N. E. E. 26 | 22,8 27,8 
South. 41 41,0 
S. S. W. 92 30,0 | 85,0 35,2 
North. 30 — — £2 
[ 89,4 206, | 67,2 | 122,2 
| 89,4 | 07,2 
| Dif. lat. S.] 116,6| Depar. | $55.9 


— — — 


It is plain by the Traverſc Table, that the ſhip has made 110% 
miles of ſouthing, and 55 miles of weſting. 
Now from latitude left 50? 0 Meridian parts 3484 
Take diff. of lat. 1197 = 1 57 


Latitude in 48 ꝙ N. Meridian parts 33) 
Sum latitudes 2)98 15 
Middle latitude 49 7 Meridian difference 17 


Whence to find the Difference of Longitude it will be, 
By Middle Latitude Sailing. By Mercator's Sailing. 


As co- ſine mid. lat. 40%“ 9.81592 | As p. diff. of lat. 116, 2.0067 

Is to the departure 55 1.74036 Is to the departure 55 1.7403 

So is radius go? 10.00009 | So is mer. diff. lat. 179 2.2 52d; 

11 74036 3.90340 

9.81592 2.0667 

To diff. long. 84 = 1 24 1.92444 To dif. lon. 84,4 = 124 1.9205 
Long. left 3 Long. left 1 

Long. in 7 19 by m. lat. Long. in 7 19 by Met 
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By INSPECTION. 


Taking the complement of middle atitude 419 as a courſe, and 
the departure 55 in its column, the neareſt is 551, againſt which 
ſtands 84 in the diſtance column, the difference of longitude by 
Middle Latitude Sailing. And, 

With the proper difference of latitude and departure, the courſe 

found nearly 25 and diſtance 129 under the courſe; in the lati- 
EF tude column look for the meridian difference of latitude 179, the 

” neareſt is 180,4, againſt which ſtands 84, 1 in the departure column, 

* which is the difference of longitude by Mercator's Sailing. 


Fi To find the direct Courſe and Diſtance to St, Mary's. 
lat. of ſhip 489 99 N. Merid. pts. 3305 Lon. of ſhip 7* 19/7 W. 
Lat. St. Mary's 37 N. Merid. pts. 2393 L. St. Mary's 25 6 W. 


* 
* 
7 
+ 
* 
4 
4 - 
* 
1 
* 
2 
* 
"+. 
* 
5 15 
1 


ö 


N 


Diff. 11 9= 669 ms. Diff. 912 Diff of Long. 17 471065 


— — — 


= Sum lat. 2)85 9 


| Mid. lat, 42 34 
b By Middle Latitude Sailing. 


As the diff. of lat. 669 2.82543 | As co-fi. courſe 49355 9.81180 
Is to diff. of long, 1067 3-02816 | Is to prop. diff. of lat, 669 2.82543 


—_ — 


3 So is co- ſi. mid. lat, 429 34“ 9.86717 | So is radius 90? 1 0.00090 
: 12.80 533 : 12.82 543 
b 2.92543 9.81189 


| N To tang, courſe 4935 10. 06990 To the diſt. 1032 3.01 363 


I 


2 


J By Mercator's Sailing. 
AM merid. diff. of lat. 912 2.95999 | As radius 10, 00909 


3 I; to radius 90 10.00000 | Is to Pp» diff. of lat, 669 2.82543 
I So is diff. of long. 1067 4.02816 | So is ſecant courſe 492 29/ 10.18731 


9 — — | - — 
0 13.02 816 13-01274 
8; 2-95999 10.00000 
; To tang, courſe 49® 29 10.06817 To the diſtance 1030 3.01274 
97 


Hence the direct courſe from the ſhip to St. Mary's is S. 49 35 
J W. and diſtance 1032 miles, by Middle Latitude Sailing; and S. 49? 
| 20) W. and diſtance 1030 miles, by Mercator's Sailing. The fame 
may be found 


* By INSPECTION. 


Take 2 of the diff. of 1057, viz. 267 nearly, and look for that 
the diſt. column over the complement middle 47 nearly, and in 
die departure column ſtands 195,3 f of the departure. 

P 2 Then 
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Then look for +} 16%, 2, and 3 of departure 195, 3, until they 
are found ſtanding together in their reſpective columns, the near 
are found over 49” and 50e, viz. 195,5, 169,9, and 196, 3, 1639, 
the diſtances correſponding to theſe are 259 and 255, their ſum ij 
514, half is 257, this multiplied by 4, gives 1028 miles. Hence 
the courſe is S. 4940 W. diſt. 1028 miles, by Mid. Lat. Sailing 

Again, taking + of the meridional difference, and n of the dif, 
of longitude, v1z. 91,2 and 106,7, the neareſt numbers to these 
are 106,4, 92,5, and 106, 5; 89,4 ſtanding over 49® and 500 in the 
latitude columns, belonging to the above degrees; look for -, d 
the proper difference of latitude, viz. 66,9, the neareſt is 66, 
and 66,8, the diſtances to theſe are 102 and 104, their ſum is 200, 
half is 103, which being multiplied by 10, gives 1030 miles. 

Hence the courſe is S. 49 30 W. and diſtance 1030 miles, by 
Mercator's Sailing, the-ſame as by calculation. 

Here to have gone to geometrical ſtrictneſs, the difference d 
longitude ſhould have been found to every courſe and diſtance run, 
by Middle Latitude or Mercator's Sailing, which would hare 

ven the ſhip's true place at the end of each courſe and diſtance, 
but ſhall leave the doing of that to the Reader; and as all tra 
verſes are worked in the manner ſhown above, which is ſufficiently 
exact for a ſhip's run in 24 hours, I ſhall therefore only add a fey 
queſtions for the Learner's exerciſe, 

Suppoſe a ſhip from the latitude 68 38“ N. and longitude d 
40' E. is bound to the North Cape, in 71% 10' N. and longitud 
26* 3“ E. ſails as in the following table; required the latitude and 
longitude ſhe is in, and her dreck courſe and diſtance to the Cape 


1 * 
Courſes. D.] N. S. | E. w. Lat. in DIE. HIER 
| " 74 "TW 7 
N. E. by N. | 63 | 52,4 3570 bg 30 | 97,2 
N. E. | 38 | 26,9 26,9 60 57 | 78,0 
N. N. E. | 56] 51,7 21,4 | 70 49 | 04,2 
| North. 30 J 30,0 71 19 
| N.W. by N. 25 | 20, 8 | 13,9] 71 40 44! 
ao Baks Yeh 36 37 17,0] 72 12 5540 
N. by E. | 49 39,2 | 7»8 5 quire 
N. E. by E. IE.] 72 | 33,9 | 63,5 73 25 [219,4 Nd die 
| 8. K. 150 35731 3573 72 50 120, 6 B 11 
— — — — — — n, 
3115 [35-3] 249,9 [30,9 813,3 | 99 | le 
3573 3949 | 99,1 utude 
A e Pint 8 ONE — The 
7 | bo m 
Diff. of lat. 276, 2 Dep 7190 Diff. a 7147 E. Aud 
| — — — — — ung, 
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In working the above, the difference of longitude is found by 
BZ the courſe and meridional difference between each parallel of lati- 
BE tude; or, it may be done by taking the complements of cach middle 
latitude, and the departure for each courſe. 

© Now the lat. left, was 682 38'N. Long. 82 40v'E. 
be diff. of lat. 270 ms. = 4 30 N. Diff. of lon. 514 m. 11 54 E. 


— 


: Lat. in — 73 14 Long. in 20 34 E. 
Lat. of N. Cape 7110 Long. of Cape 26 3E. 


— — 


The m. dif. lat. is 406 ms. 2 4= 124 ms. Dif. of long. 5 29 = 
320 miles. 

With the meridional difference of latitude 406, and difference of 
W longitude 329, the courſe between the ſhip and the Cape is S. 399 1” 
E. diſtance 160 miles, by Mercator; and S. 39* 3 E. diſtance 
59,7, by Mid. Lat. Sailing. ; 


: By INSPECTION. 


With 7 of diff. of lat. 276, and 3 of departure 219, viz. 92 and 
z; the courſe made good is 38 30“, and diſtance 354 miles. 
And with it of meridional difference of Jatitude 849, and the 
240 38 30, the difference of longitude is 676, by Mercator's 
dallung. 

q Au with the complement of middle latitude 19,2 and the de- 
1 ature 219, the difference of longitude is 675 nearly, by Middle 
Latitude Sailing; differing from that above 38 miles by Mercator, 
nd 30 miles by Middle Latitude Sailing. | 
But as ſhips never run ſuch diſtances in 24 hours, the firſt me- 
Mod of finding the difference of longitude will be ſufficiently 
Nad for any day's run. 

The bearing and .diſtance to the North Cape may be either 
und by Middle Latitude or Mercator, by inſpection, which will be 
early as above. | 
A ſhip from the Lizard in latitude 49* 57 N. and Jongitude 
1% W. is bound to Funchal in Madeira, in latitude 32? 38, N. 
d longitude 17 5 W. ſteers the following courſes, 8. S. W. 250 
les, W. 156, S. E. by S. 300, W. by N. 180, and S. 185 miles; 
quired the latitude and longitude ſhe is in, and her direct courſe 
nd diſtance to the intended port? 

By finding the difference of longitude for each courſe by calcu- 
non, the ſhip. is in latitude 39? 27 N. and longitude 11? 28! W. 
' Mercator's Sailing ; but by working. by the whole difference of 
tude and departure, the longitude will be 11923 W. 

The courſe from the ſhip to Funchal, is S. 33® 15' W. diſtance 
v9 miles, by Mercator's Sailing. 

* Sd. 33? 19“ W. diſtance 489, 4 miles, by Middle Latitude 
Wing, | | 


A ſhip 
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A ſhip from lat tude 3814“ N. and longitude 259 56" W. tun 
the following courſes and gutances, viz. N. E. by N. 3 E. 5 
miles, N. N. W. 38, N. W. by W. 46, 8. S. E. O. S- by W. 
20, and N. E. by N. Go miles; required the direct courſe al 
diſtance made good, and the latitude and longitude ſhe is in? 

[he courte is N. by E. diſtance 111 miles, latitude in 499 2'N, 
fongitude in 25728“ W. 

Suppoſe a fhip in latitude 67 30“ and longitude 89 46” W. fail 
the following courtes, N. E. 64 miles, N. N. E. 50, N. W. by R. 
58, W. N. W. 72, W. 48, 8. S. W. 38, S. by E. 45, and E. S. E 
40 miles; what latitude and longitude is ſhe in ? | 

By working by the whole difference of latitude and departure, 
the ſhip is in latitude 68243“ N. and longitude 1153 W. But, 

By finding the difference of longitude for each courſe and diftance, 
ſhe is in longitude 119 37 W. by Middle Latitude Sailing, 2nd 
11? 43 W. by Mercator's Sailing. 

Having gone through the neceſſary problems in Mercator's Sailing, 
we ſhall now proceed to ſhew how the true chart, commonly calle 
Mercator's Chart, may be conſtructed eitlier for the whole, or any 
part of the Jerraqueous Globe. 


en a Chart is is commence from the Equator, or if the Equazr 
to run through it. 


Having provided a ſcale of convenient length, draw a line to r- 
preſent the equator, and croſſing that at right angles, another to 
repreſent the meridian of ſome known place, ſuch as London, Paris 
the Lizard, or any other place whoſe longitude is known ; the 
upper end of which will repreſent the north, and the lower ths 
fouth. 

From the ſcale take 60 in your compaſſes, and with one fodt 
upon the meridian, ſet off that diſtance on both of it upon the 
equator, if the chart is to contain eaſt and weſt longitude ; hut 
if it is only to contain eaſt or weſt longitude, lay it off upon thit 
fide of the meridian the caſe requires : that is, if the longitude 
to be weſtward, lay it off on the left-hand ſide of the meridian; 
but if eaſterly, the right-hand fide. 

Again, take 2 degrees or 120 miles in your compaſſes, and st 
it of from the meridian, in the ſame manner as before; or, will 
60 miles in the compaſſes, turn over from the meridian, and thit 
will point out the degrees of longitude, which may be divided into 
halves, quarters, or minutes, if required. 

Having ſet of as many degrees of longitude as you intend tis 
chart ſhould contain, through the laſt draw a line, (or line) 
parallel to the meridian, which will be the bounds of the chat 
cailt and welt, 38 | 

Having divided the equator as above, proceed to ſet off upd 
the two extreme meridians from the equator, the meridio" 
parts (as found in the table) belonging to each degree of hirn 
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chat is, take from the ſcale in your compaſſes, the miles anſwering to 
one degree in the table, and with one foot in the equator, ſet 

off that diſtance on each fide of it upon the extreme meridians, 
it the chart is to contain north and ſouth Jatitude , hut if only 
north or ſouth, upon one fide of the equator, 


Again, take the mer:Jional parts anſwering to 2 deprees and 3 


degrees, &c. in your compaſſes, and fet them off upon the meridian 
from the equator, as betore. 

in like manner proceed to ſet off as many degrees as you intend 

che chart ſhould contain; or, which will be the fame thing, take 
che meridional difference of 1::itude between any two paralle)s, aud 
ſet them off ſeverally from the leaſt latitude. 

Lava ruler on each of theſe diviſioiis, and draw lines parallel to 

che equator, and they will be the parallel of Jatitude ; each of 

& which will be enlarged towards the poles, in proportion as the 

W degrees of longitude are. 

Parallel to the meridian, draw lines through the points, expreſ 
ſing the degrecs of longitude, to cut the parallels of latitude, hic! 
bound the chart north and ſouth, 

= The parallels of latitude may allo be divided into halves, quarters, 
or minutes, by taking the meridional parts tor degrees and minutes, 
adi ſetting them off as before. 

Draw double lines on the borders of the chart, and mark out 
W hc degrees of latitude and longitude ; and, in ſome convenient 
W place, draw the compaſs. In like manner :nay a chart be made 
that ſhail contain any number of degrees and minutes required. 
When the chart is not to commence from the equator, but is only 
do ſerve from a certain diſtance on the meridian, between two pa- 
allels on the ſame fide of the equator, then the meridians are to be 
W drawn as before; and for the parallcls of latitude you are to 
proceed thus: 

From the meridional parts anſwering to each point of latitude 
m your chart, ſubtract the meridional parts an{wering to the leaſt 
latitude, and ſet off the difference ſeverally from the parallels cf 
the leaſt latitude upon the two extreme meridians, and the lines 
joining theſe points of the meridian will reprelent the ſeveral pa- 
tallels upon the chart. | i 
Let it be required to draw a chart that ſhall ſerve from the lu! 
| titude of 14 degrees north, to 52 degrees north, and that ſhalt. 
contain 1 degree eaſt, and 26 degrees of longitude weſt of the me- 
dan of London.—Sce the chart. 

Draw a line to repreſent the meridian of London, from which 
ſet off 60 miles toward the right hand, for one degree of longitude. 
and on the other ſide towards the left hand ſet off 26 degrees 
of weſt longitude, as before directed: through the two laſt points 
draw lines parallel to the meridian of London, and theſe will be 
tac extreme meridians, or eaſt and welt bounds, of your chart, 

aving drawn the two meridians on the lower edge of the 
Papcr, draw a line perpendicular to the meridians, to repreſent the 
arallc] 
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parallel of 14 degrees north , then, from the meridional par 
anſwering to 15 degrees 910, ſubtract the meridional parts ay. 
fwering to 14 degrees 848, and take the difference 62 in your 
compaſſes, and ſet it off from the parallel on both the meridians 
trom you, and that will repreſent the parallel of 15 degrees, 
Again, take the meridional parts of 15 degrees 910, from the 
meridional parts of 16 degrees 973, and ſet off the difference hz, 
upon the meridians from the point reprefenting the parallel of 1 
degrees, and that will repreſent the parallcl of 16 degrees. lu 
like manner procecd to {ct off the parallels upon the meridians, 
Or, it the meridional parts of 14 degrees be ſubtracted from the 
meridional parts of every ſucceeding parallel, and the difference 


be fet off from the parallel of 14 degrees upon the meridians, theſe | 


points will repreſent the ſeveral enlarged parallels of latitude, the 
fame as before; and, it jt be required that the meridians ſhould he 
divided into degrees and meridians, the meridional parts for ſuch 
muſt be taken from the table, and ſet off as above. 

Having ſet oft as many parallels as you intend the chart ſhould 
contain, through cach point draw parallels, or if you think dray- 
ing lines through every degree will croud your chart too much, 
vou may divide the borders only into ſingle degrees, &c. aud 
draw lines through every 5 degrees of latituile and longitude, as 
in the chart. | . 

Take from the table of latitude and longitude of places, the 
latitude and longitude of each particular place contained within 
the bounds of the chart, and lay a ruler over its latitude, and 
another croſſing that over its longitude ; the point where these 
croſs will reprefent the propoled place upon the chart. In like 
manner may any place be readily marked. Hence, the particular 
points of a {ea-coalt may be laid down as above, and lines properly 
drawn from point to point, will form the out-lincs of the fe 
coaſts, iſlands, &c. to which may be annexed, the depths of wa- 
ter, ſetting of currents, and whatever elſe may be thought con- 
venient for the chart to contain. | EY 

This map or chart is not to be conſidered as a juſt or fimilar 
repreſentation of the earth's ſurface, for in it the figures of ifands 
aud countries are diſtorted near the poles. For, a 

Suppoſe an iſland in the latitude 602 N. or S. where the breadt! 
of a degree of longitude is juſt half as large as a degree upon the 
equator. Now as the degrees of latitude are enlarged in propor- 
tion as the degrees of longitude arc expanded towards the poles, 1 
is plain, that every point af that iſland or country, being lai 
down in its proper latitude and longitude, will be repreſented 
twice as large as it really is. Fa FEE 

Hence it follows, that as the degrees of latitude are ever} 
where increaſed like thoſe of longitude, it is plain the bearing 
between places will be the ſame on this chart as on the globe; 
and the proportions between the latitude and longitude and nav” 
tical diſtances, will be the ſame upon this chart as upon the globe. 
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And ſince the meridians in this projection are right-lines, it 
follows, that the rhumbs which form equal angles with the meri- 
© 1;ans will be ſtraight lines, which render this proſection of the 
earth's ſurface much more ealy and proper for the mariner's uſe 
than any other. 
* Gunter's Scales have drawn upon them 2 lines, one marked 
NM ſignifying the Nautical Meridian, and the other directly 
under it marked E. P, ſignifying F.qual Parts, or degrees of longi— 
© tude, upon a Mercator's Chart. 
* 'Thole are equal parts, or degrees of longitude, to which the 
BZ d-grees of the nautical meridian are fitted, by increaſing them in 
© their true proportion; hence the limits or bounds of a Mercator's 
Chart by theſe lines are caſily made, by transferring the diviſions 
© correſponding to the degrees to be uſed, from the ſcale to the paper 
the chart is to be drawn upon: but as the degrees drawn by theſe 
EF lines are too {mall for the ſeaman's ulſc, it is much better to uſe a 
ſcale of equal parts as before, and conſequently the degrees may 
be made of any propoſed length. 


| 5 : : g % l 1 
| By the Latitude and Langitude in, is prick off the Ship on the Chart, 


Rur. Lay the ruler acroſs the chart in the latitude your ſhip 
is in, then look upon the equator, or line marked with the degrees 
WE of longitude, for the longitude your ſhip is in by your reckoning, 
and ſetting one foot of your compaſſes in that lonpitude, take the 
= neareſt diſtance to ſome north and fouth line, and from where that 
lune croſſes the edge of the ruler that lies in the given latitude ; 
hy off that ſame diſtance along the edge of the ruler to the right 
hand, if the longitude you are in was to the right hand of the 
north and ſouth line, or to the left hand, if it was to the left hand; 
where this falls will be the place of the ſhip : but this will only do 
when the longitude marked on the chart, and your reckoning of 
& longitude in, arc both counted from the ſame meridian. There- 
bore, for a general rule, take the following, viz. 
: By the Latitude in and Longitude made, to prick off the Ship's Place. 
| RULE, Set one foot of your compaſſes in the place you take 
Jour departure from, and take the ncareſt diſtance to ſome north 
or ſouth line, and from where that line falls upon the equator, or 
the line marked with the degrees of longitude, ſet off that dif- 
lance the ſame way the place lies from it; that is, to the right 
hand, if the place lies to the right hand of the north and fouth 
| line, or to the left hand, if it lies to the weſt; and make a mark 


SY Ii 
4 We with a black lead pencil; this mark will ſerve to prick off by, till 
dbu come to take a new departure; and then rub it out, and make 


[© new one as before. 

Then lay a ruler acroſs the chart in the latitude you are in, and 
taking {6 many degrees in your compaſſes from the line of longi— 
| Wide, as your longitude made comes to, {-t them off from your 


I. O ; x 2 
black lead mark along the edge of the rulcr to the caſt ward; if the 
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longitude made be eaſt, or the weſtward if it be weſt ; where thi: 


talls will be the longitude the ſhip is in by the chart; from which l 
take the neareſt diſtance to ſome north and ſouth line, and fm 5 
where that line, &c. as in the firſt caſe. = 
The ſhip's place on the chart being found, as before taught, ; 4 
remains in the next to ſhew how to find the bearing and diltanc; TE a 
of any place from the ſhip ; and firſt, =_ 
To find how any Place bears from the Ship. 1 p! 


Rvrx. Lay a ruler from the place of the ſhip to the place yo 
would know the bearing of; then ſet one foot of your compalſſejn 
the centre of ſome compaſs near the ruler, and take the near 
diſtance to the edge of the ruler ; then run one foot of your com. 
palles along by the edge of the ruler, and obſerving what point o 
the compals the other comes neareſt to, which will be the bearing 
required. 


To find the Diſtance of any Place from the Ship. 


I. 


If the place be in the ſame longitude that the ſhip is in; thats 
if it bears due north or ſouth, then the difference of latitude be. 


tween them turned into miles or leagues, will be the diſtance. . 
= Rey 

= 

C67. ed Ov @ 2 : 
If the place be in the ſame latitude the ſhip is in; that is, 1 1 


bears due ealt or due weſt, then take half the diſtance between tis G tud 
{hip and the place in your compaſſes ; and ſetting one foot on te paſſ 
line marked with the degrees of latitude, in the latitude the ſhip»rit, 
in, ſce what latitudes the other foot will reach to, both above av 
below it; the difference between theſe two latitudes will be the diſtanc Withre 


required, at 
E A HI. ure 

, 0 5 . . : 4 ee 
Then they are neither in the ſame Latitude nar in the ſame Longitit I A 
with the Ship. bass 


Rvrr. Take the difference of latitude between both places be 
your compaſſes from the equator, or graduated parallel; and E. car! 


ing a ruler over both places, put one foot on the ſhip's place, 0 He 
flide your compaſles along the edge of the ruler (holding both pa" 8 
parallel to the meridian) until the other cuts the parallel of Jatitis and t 


paſſing through the place, (or E. and W. line cut by the ruler) 1 
then ſtay the compaſſes. Take the diſtance between where h 
point reſted by the edge of the ruler and the place (or where ® 
ruler crofled the aforeſaid eaſt and weſt line) in your compu” 
and apply it to the equator, or graduated parallel, and that .. 
give their diſtance in degrees, which may be turned into miles" 


leagues; and in the fame manner as you find the bearing and d. 
tans 
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© +ince between the ſhip and any place, you may alſo find the bear- 
ine and diſtance of one place from another; or if the diſtance 
between the ſhip and place be taken in your compaſſes, and ap- 
© plied to the {ide of the chart, or graduated meridian, nearly in the 
© parallels of the ſhip and place, will give the diſtance in degrees as 
© .forc ; and for this purpole there are generally marked on the ſides 
of charts ſcales of leagues, by which the diſtance between the 
places may be readily found. 

Or the diſtance between two places upon a Mercator's chart may 
= be eaſily found, thus: 

Take half the diſtance between any two places, and with one 
foot of the compaſſes in the middle parallel, extend both ways up- 
on the graduated meridian; count the number of degrees between 
l both points which will be your diſtance, either in leagues or miles 
© according as the ſcale is divided; or take the diſtance in your com- 
* paſſes, and ſet one foot as much above the one place as the other 
point is below the other place, on the meridian, the number of 
degrees between the points of the compaſſes will be the diſ- 
; kance. 


ET” 
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= Required the Bearing and Diſtance between Cape St, Vincent and 
/ Teneritf? 

Lay a ruler over both places, and take their difference of lati- 
© tude 8” 3o', from the equator or graduated parallel, in your com- 
Wo WE pafſes ; and flide one foot along the edge of the ruler from Tene- 
„rf, holding the other point in the direction of the line CB, until 
the other point juſt touches the eaſt and weſt line, (A B) paſſing 
nc WWE through St. Vincent, as at B, from C where the foot of the com- 
paſſes reſted, by the edge of the ruler, and St. Vincent being mea- 
lured, and applied to the graduated parallel, gives 10 2-third de- 
grees, or 640 miles the diſtance, 

1 Again, take the neareſt diſtance between the centre of the com- 
pals in your compaſſes, and ſliding them along the edge of the ruler 
„ _—_ directed, you will find the courſe to be S. W. by S. W. 
early. 

ut Hence the direct courſe between Cape St. Vincent and Teneriff 
00085 > W. by S. 3 W. diſtance 640 miles, or 213 1-third leagues; 
tend the ſame with other places. 
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HE earth is endued with a wonderful principle of gravitation, 
whereby all its parts are ſtrictly united together; and all 
bodies that are looſe upon it, cloſely adhere to its furface, tending 
directly towards its centre. Hence it is, that ſhips are able tg 
fail with the ſame facility every where (void of impediments) 
upon the ſurface of the ſea, quite round the terraqueous globe; 
and that is (as to ſenſe) there is no ſuch thing as an upper or lower 
part of the earth; for let the inhabitant be in what part ſoever, 
he will there graviate towards the earth's centre, and imagine him. 
ſelf to be on the higheſt point of its ſurface ; from whence he wil 
obſerve the heavens like a large vault over his head, and his an- 
tipodes he will imagine to be directly under him, as they will alſo 
theirs, for the like reaſon. According to this Jaw of gravity, if ths 
earth were at reſt (and not acted upon by any other power) and 
Its parts looſe, or its ſurface all over covered with a deep fluid; it 
would naturally form itſelt into a true {ſphere or globe. 

Notwithſtanding this power of attraction, yet the ſun, whoſe 
rays upon the earth cauſe vapours or fumes to be continually 
Tiling from it, which muſt partake of the quality of thoſe parts, 
from whence they are evaporated ; a collection of which form 
what we call our air or atmoſphere, ſurrounding the earth, an 
extending ſome miles above its ſurface, and is liable to be put i 
motion by various cauſes. Hence, air is a fine elaſtic fluid, and 
found capable of being compreſſed, or condenſed by cold, and ex- 
panded or rarched by heat. 

Conſequently, an alteration of heat or cold happening in any 
part of the atmoſphere, the airin that part will be cither condenſed 
or rarefied, and the neighbouring parts will thereby be put nt 
motion, through the endeavour which the air by its elaſticity d 
ſpringineſs always makes to reſtore itſelf to its former ſtate, d 
come to an equilibrium, | 

Wind is a ttream or current of air, which generally blows fron 
one part of the horizon to its oppoſite, | 

The following obſervations have been made on it, particular! 
by Dr. Halley, which are not unworthy the ſeaman's notice: 

Between 30 degrees north latitude, and 30 ſouth JatituG 
there is a conſtant caſt wind throughout the year, blowing Fo 

p 
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« x 
1 


ne Atlantic and Pacific oceans, and this is called the Trade 
Winds. : : 

For as the ſun, in moving from eaſt to weſt, heats the air more 
> ;mmediately under him, and thereby expands it; the air to the eaſt- 
» ward is conſtantly ruſhing towards the welt to reſtore the equili- 


* brium or natural ſtate of the atmoſphere, which occaſions a perpe- 


* tual caſt wind in thoſe limits. 

> The trade winds, near theſe northern limits, blow between the 

north and caſt; and, near the ſouthern limits, they blow between 

the ſouth and caſt, 

For as the air is expanded by the heat of the ſun near the equator, 

therefore the air from the northward and ſouthward will both tend 

toward the equator to reſtore the equilibrium: now theſe motions 

from the north and ſouth, joined with the foregoing eaſterly mo- 

tion, will produce the motions obſerved near thoſe limits, between 

the north and caſt, and between the ſouth and weit. 

* Theſe winds, if the whole ſurface of the globe were ſea, would 
'W undoubtedly blow quite round it, as they are found to do in the 
| Atlantic and Ethiopic oceans; but ſecing ſuch great continents 
interpoſe and break the continuity of the ocean, regard muſt be 
had to the nature of ſoils, and the poſition of high mountains, 
which are the principal cauſes of the variety of winds differing 
1 from the former general one. 

In ſome parts of the Indian ocean there are periodical winds, 
which are called Monſoons; that is, ſuch as blow half the year one 
way, and the other half year the contrary way. 

For air that is cool and denſe will force the warm and rarefied 
ur into a continual ſtream upwards, where it muſt ſpread itſelf to 
preſerve the equilibrium; ſo that the upper courſe or current of 
the air ſhall be contrary to the under current; for the upper air 
= muſt move from thoſe parts where the greateſt heat is, and ſo by 
a kind of circulation the N. E. trade wind below will be attended 
with a S. W. above, and a S. E. below with a N. W. above: And 


— 


. 


this is confirmed by the experience of ſeamen, who, as ſoon as they 


* 


det out of the trade winds, immediately find a wind blowing from 


In the Atlantic ocean, near the coaſts of Africa, at about 100 
leagues from ſhore between the latitudes of 289 and 10 north, 
7 Nun conſtantly meet with a freſſ. gale of wind blowing from the 
I. 5 | 

E Thoſe bound to the Caribbee Iſlands acroſs the Atlantic, find, as 
they approach the American ſide, that the ſaid N. E. wind be- 
comes eaſterly, or ſeldom blows more than a point from the eaſt 
either to the northward or ſouthward. 

| Theſe trade winds on the American ſide are extended to 30%, 
| 21”, or even to 329 of north latitude 3 which is about 4 farther 
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ward of the equator, the trade winds extend 3 or 4 degrees farthe; 
towards the coalt of Brazil on the American tide, than they do neu 
the cape of Good Hope on the African ſide. 

Between the latitudes of 4 degrees north, and 4 fouth, the 
wind always blows between the ſouth and catt : On the Africm 
{de the winds are neareit the fouth, and on the American i; 
neareſt the calt. In theſe ſcas Dr. Hallev obſerved, that when 
the wind was eaſtward, the weather was gloomy, dark, and rainy, 
with hard gales of wind; but when the wind veered to the ſouth. 
ward, the weather generally became ferene, with gentle breeze 
next to a calm. 

Theſe winds are ſomewhat changed by the ſeaſons of the yer 
for when the fun is tar northward, the Brazil S. E. wind gets to 
the fouth, and the N. E. wind to the eaſt ; and when the ſun; 
far ſouth, the S. E. wind gets to the eaſt, and the N. E. wind on 
this tide of the equator veers more to the north. 

Along the coaſt of Guinea, trom Sierra Leon to the iſland 


St. Thomas under the equator, which is above 500 leagues, the ſouth. } 


erly and S. W. winds blow perpetually ; for the S. E. trade wind 
having paſſed the equator, and approaching the Guinea coaſt, within 
80 or 100 leagues, inclines towards the ſhore, and becomes S. S. E. 
then ſouth, and by degrees, as it comes near the land, it veer 
about to S. S. W. and within the land it is S. W. and ſometime 
W. S. W. This track is troubled with frequent calms, and violent 
ſudden guſts of wind, called Tornadoes, blowing frem all points 
the horizon. 

The reaſon of the wind ſetting in weſt on the coaſt of Guinea, 
is, in all probability, owing to the nature of the coaſt, which being 

eatly heated by the ſun, rarefies the air exceedingly, and conſe- 
quently the cool air, from off the fea, will keep ruſhing in to reſtore 
the equilibrium. 

Between the 4th and 1oth degrees of north latitude, and between 
the longitude of Cape Verd and the eaſtermoſt of the Cape Verd 
iſlands there is a track of fea which ſeems to be condemned to pet- 
petual calms, attended with terrible thunder and lightnings, and ſuch 
frequent rains, that this part of the ſea is called The Rains. Ship 
in failing theſe 6 degrees have been ſometimes detained whole montly 
as it is reported. 

The cauſe of this ſeems to be, that the weſterly winds ſctting in 
an this coaſt, and meeting the general eaſterly winds in this track, 
balance each other, and fo cauſe the calms and the vapours ; carriel 
thither by each wind, meeting and condenſing, occation the almol 
conitant rains. | 

Theo laſt three obſcrvations ſhew the reaſon of the two following, 
which mariners experience in failing from Europe to India, and 
in the Guinea trade. The difficulty which ſhips in going to the 
ſouthward, cipecially in the months of July and Auguſt, 1 n 
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paſſing between the coafts of Guinea and Brazil, notwithſtanding 


© cauſe the S. E. winds at that time of the year commonly extend 
® jome degrees beyond the ordinary limits of 4 N. latitude ; and 
 belides, coming ſo much ſoutherly, as to be fometimes fouth, ſome- 
times a point or two to the weſt; it then only remains to ply to 
windward. And it on the one fide they ſteer W. 8. W. they get 
a wind more and more calterly ; but then there is danger of falling 


IS: a. 


they fall into the neighbourhood of the coaſt of Guinea, from 
whence they cannot depart without running eaſterly as far as the 
land of St. Thomas, and this is the conſtant practice of all the 
Guinea ſhips. 

All ſhips departing from Guinea for Europe, their direct courſe 
$ northward ; but on this courle they cannot go, becauſe the coaſt 
E bending nearly eaſt and welt, the land js to the northward ; there - 
fore as the winds on this coaſt are generally between the S. and W. 
S. W. they are obliged to ftcer S. S. E. or S. and with theſe 
WE courſes they run off the ſhore; but in ſo doing they always find 
WE the wind more and more contrary, ſo that when near the ſhore they 
can lie fouth ; at a great diſtance they can make no better than &. E. 
and afterwards E. S. E. with which courſes they generally fetch the 
Hand of St. Thomas, and Cape Lopez, where finding the winds 
to the caſtward of the ſouth, they ſail weſterly with it, till coming 
to the Jatitude of four degrees ſouth, where they find the S. E. wind 
blowing perpetually. 
= On account of theſe general winds all thoſe that uſe the Weſt In- 
dia trade, even thoſe bound to Virginia, reckon it their belt courſe 
do get as ſoon as they can to the ſouthward, that ſo they may be 
certain of a fair and freſh gale to run before it to the weſtward ; and 
tor the ſame reaſon thoſe homeward bound from America endeavour 


„ * 
R 


© ad IE To "EI" * 
#7 K 8 


' P 1 15 

» * F I” 4 
 — * * Op . F Fes 
. 


en de gain the latitude of 309, where they firſt find the wind begin 
en de be variable, though the moſt ordinary winds in the North At- 
et. ntic ocean come between the ſouth and weſt. 
ach Between the ſouthern lats. of 10 and 30? in the Indian ocean, 
bigs e general trade wind about S. E. by S. is found to blow all the 
thy, ear round in the ſame manner as in the like lats. in the Ethiopic 
an, and during the fix months, from May to December, theſe 
; 10 ids reach to within 29 of the equator; but during the other ſix 
ack, months, from November to June, a N. W. wind blows in the track 
* bing between the 3d and 10th degrees of ſouthern lat. in the me- 
mol 


nian of the north end of Madagaſcar; and between the 2d and 
2th degrees of ſouth lat. near the long. of Sumatra and Java. 

| In the track between Sumatra and the African coalt. and from 
ot S, lat. quite northward to the Aſiatic coaſts, including the 
Arahian fea and the gulf of Bengal, the montoons blow irom Sep- 
aber ro April on the N. F. and from March to October on * 


in with the Brazilian coaſt, or ſhoals; and if they ſteer E. S. E. 
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S. W. In the former half year, the wind is more ſteady and gen- 
tle, and the weather clearer than in the latter fix months ; and the 
wind is more ſtrong and itcady in the Arabian ſca than in the pul 
of Bengal. 

Between the iſland of Madagaſcar and the coaſt of Africa, and 
thence northward as far as the equator, there is a track wherein, 
from April tv October, there is a conſtant freſh S. 8. W. wind, 
which, to the northward, changes into the W. S. W. wind blowing 
at that time in the Arabian fca. 

To the caſtward of Sumatra and Malacca, on the north of th: 
equator, and along the coaſts of Cambodia and China quite through 
the Philippines as far as Japan, the monſoons blow northerly and 
ſoutherly ; the northern ſetting in about October or November, and 
the ſouthern about May. Theſe winds are not quite ſo certain a 
thoſe in the Arabian fea. 

Bet ween Sumatra and Java to the welt, and New Guinea to the 
eaſt, the ſame northerly and ſoutherly winds are obſerved ; but th: 
fhrit halt year the monſoons incline to the N. W. and the latter to 
the 5. E. Thele winds begin a month or ſix weeks after thoſe in 
the Chineſe tcas ſet in, and are quite as variable. 

Theſe contrary winds do not ſhitt from one point to its oppoſite 
all at once ; in {ome places the time of the change is attended with 
calms, in others by variable winds; and it often happens on tli 
ſhores of Coromandel and China, towards the end of the moonloon, 
that there are molt violent ſtorms, greatly reſembling the hurf— 


canes in the Weſt Indies, wherein the wind is fo vaſtly ſtrong, tha 


hardly any thing can reſiſt its force. 

All navigation in the Indian ocean muſt neceſſarily be regulated 
by theſe winds; for if mariners ſhould delay their voyages till tit 
contrary monſoon begins, they mult either fail back, or go into ha- 
bour, and wait for the changing of the trade winds. 

Vapours riſing from the ſea, and by the wind carried over low 
lands to the ridges of mountains, and compelled to mount up witl 
the ſtream of the air to the tops, where the water preſently pte. 
cipitates glecting down by the chinks and cliffs of the ſtones, ani 
part of the water entering into the caverns of hills, and gathering 
into baſons, which being once filled begin to run over, and tori 
ſubterraneous paſſages through the earth, breaking out in ſprings?! 
the ſides of hills; ſeveral of thoſe meeting together form rivulets, 
ſeveral of theſe rivulets meeting together make a river. This, te- 
gether with what is incorporated into vegetables, renders it impo 
ſible for all the water evaporatcd from the ſea to return to it aga" 

Hence the evaporations ariſing from the Mediterranean are fucly 
that notwithſtanding there are ꝙ capital rivers, which empty them 
{elves into it, beſides ſmaller ones, there is a conſtant current rut 
ning through the Straits of Gibraltar from the Atlantic ocean, b 


make up the deficiency. R. Mead, M. D. and F. R. 8. 957 
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. 1. That ſome diſcaſes are properly the effects of the influence of the 
# heavenly bodies. 2. "That the moſt windy ſeaſons of the year arc 
about the vernal and autumnal equinoxes. 3. All the changes we 
© ive coumcrated in the atinofphere do fall out at the fame times 
E when thoſe happen in the occan, and, as both the waters of the 
© (1 and the air of our carth or fAuids, arc ſubject in a great meaſure 


1 to the ſainc laws of motion, ſo that natural clfcfts of the ſame kind 
WT rc owing to the ſame cauſes. 4. The alteration made by the fun 
auc moon in the atmoſphere muſt thereby have influence on the 


animal body. 5. The clalticity of the air 1s of great moment, aid 
it is reciprocally as the preflure, fo that the incumbent weight ba- 

ing diminiſhed by the att raction, the alr undcrneath will be much 
expanded; theſe, and ſuch like cauſ.;, will make the tides in the 


h LE f any 


8 1 air to be much greater than thoſe of the occan M and there is no doubt 
e to be made, but that the ſame infinite wile Being, who contrived 

the flux and reflux of the ſeas, to ſccure that vait collection of 
e 


waters from ſtagnation and corruption, has ordered this eb and 
flood of the air of our atmoſphere with the like good deſign ; that is, 
to preſerve it ſweet, and a briſk temper of this fluid ſo neceſſary 
to life, by a continual circulation. 6. I wo contrary winds blow- 
ing towards the ſame place, may accumulate the air there, ſo as 
to increaſe the height and the weight of the incumbent cylinder; 
in like manner the direction of two winds may be ſuch, as meeting 

$:t certain angles, may keep the gravity of the air in a middle ſtate ; 
but if the wind blow different ways from the fame place (which 
may be occiftioned by thunder and lightning) the height and 
eight of the air may be much decreaſed, 7. The changes in our 
batmoſphere at high water, new and full moon, the equinoxes, &c. 
muſt occaſion alterations in all animal badies, for all living crea- 


in Murcs require air of a determined gravity to perform reſpiration 
*eaſily; for it is by its weight that this fluid infinuates itſelf into the 
„aavity of the breaſt and lungs : By a flow circulation the ſecretion 
of wot the ſpirits is diminiſhed ; and, by the want of the force of claſ- 
u icity and gravity, the juices begin to ferment, change the union 
* Wot their parts, break their canals, and diſcaſes follow. 

Beides the above cauſes, the atmoſphere may be put in motion 
bs Wy the elaſtic vapours forced from the bowels of the earth by ſub- 
0" crrancou's heats, and condenſed by whatever cauſes in the atmoſ— 
0) —_— A mixture of cfiluvia of different qualities in the air may, 
7 y rarefaction, fermentation, &c. produce winds and other effects 


| ke thoſe reſulting from the combination of ſome chymuical liquors ; 
pol ind that ſuch things happen, we are afſured from the nature of 


rain. 4 . . , 
9 Wunder, lightning, and meteors. From the eruptions of vol- 
muß nos and carthquakes in diſtant places, wind may be propagated 


un Wo remoter countries. The divided or united forces of the other 
and of the comets, may variouſly diſturb the influence of 
0 lun and moon, &o. We know that there nappen violent 
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150 TIDES» 

tempeſts in the upper regions of the air, when we below enjoy: e 
calm, and how many ridges of mountains there are on our gl We 3, 
which interrupt and check the propagation of the winds, fo that i ret 
15 no wonder that the phænomena we have aſcribed to the action g . 

the fun and moon ate not always conſtant and uniform, and tha 
every eftect does not hereupon follow: which, were there no oth We 141 
powers in nature able to alter the influence of, this might in a yer the 
regular and uniform manner be expected from it. "thi 
That the rarched air aſcends is ſuffictently demonſtrated by the mo 
ac roſtatic globe, or air balloon, lately invented; this is a glor fur 
made of 111k, or other light ſtuff, made air tight with gum; which exe 
being filled with inflammable, or rarefied air, will, when let look, pre 
aſcend until it comes to that part of the atmoſphere that is nearly a att 
light as the air within it, where it will continue ſome time. ditt 
Some of theſe globes have been made ſo large as to carry up men les 
with them, as have frequently been ſeen in Britain, France, i | 
other parts. the 
NoTE. The ſwiftneſs of wind in a great ſtorm is not more th hem 
50 or bo miles in an hour, and a common britfk gale is about 15 Juc 
miles an hour, wt 
all 
Wol 
flo 
3 * 3 mu! 
FOR 5 a min 
. 
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TIDE ts that motion of the water in the ſeas and rivers, of I [he 
which they regularly riſe and fall: the general cauſe of whicl e 
was diſcovered by Sir Isa ae N EWTON, and is deduced from the to Wi": 
lowing conliderations :— Daily experience ſhews, that all bod t 
when thrown upwards from the earth, fall down to its ſurtace l _— 
perpendicular lines; and as lines perpendicular to the ſurface of a) WF: * 
ſphere tend towards its centre, the lines, along which all hee 
bodies fall, muſt be directed towards the earth's centre. wk 
As bodies appear to fall by their weight, or gravity ; the law, 1 e 
which they deſcend, is called the law of gravitation : and as a mg 
net or loadſtone, will draw ſmall portions of iron or ſteel, and 31 | "2 
piece of glaſs, amber, or ſealing-wax, when warmed by rubbin = 
will draw ſmall bits of paper and other light ſubſtances, the l,, 11 
by which ſuch bodies fly to thoſe which draw them, is called 34 

| 
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hen falling by their gravity towards the earth, are attra#7r4 by 
the carth ; and therefore, the words gravitation and attraction may, 
reſpecting the earth, be ufed inditferently, as by them is only meant 
that power, or law, by which all bodies tend towards its centre. 
Sir ls AA diſcovered, by a great number of obſervations, that this 
law of gravitation or attraction was univerſally diffufed throughout 
the ſolar lyitem ; and that the regular motions, obſerved among 
the heavenly bodies, were governed by it; fo that the carth and 
moon attract each other, and both of them are attracted by the 
ſun. He alſo diſcovered, that the force of attraction, mutually 
exerted by theſe bodies, was leſſened as the diſtance increafed, in 
proportion to the ſquares of thoſe diſtances; that is, the power of 
attraction, at double the diſtance, was four times lets ; at triple the 
diſtance, nine times leſs; at quadruple the diftance, fixteen tunes 
less, and fo on. 
| As the earth is attracted by the ſan and moon, it follows, that all 
the parts of the carth will not gravitate towards its centre in the 
fame manner as they would do, it thoſe parts were not affected by 
ſuch attractions. And it is evident, that were the carth cntrely 
free from ſuch actions of the fun and moon, the ocean, being on 
all tides equally inclined towards its centre by the force of gravity, 
would continue in a perfect ſtagnant ſtate, without ever ebbing-or 
flowing. But, as the caſe is otherwife, the water in the ocean 
muſt nceds riſe higher in thoſe places where the fun and moon di- 
miniſh its gravity, or where they have the greateſt attraction. 

As the force of gravity muſt be diminiſhed moſt, in thoſe parts of 
thecarth to which the moon is neare{t, or in the zenith, becauſe her 
Pattraction will there be moſt powerful; therefore the waters, in ſuch 
places, will rife higher, and it will in them be full fea or high- 
water The parts of the carth directly under the moon, and alſo 
thoſe in her nadir, viz. ſuch places as are diametrically oppoſite 
Wo thoſe where the moon is in the zenith, will have high-water at 
e ſame time. For either half of the earth would gravitate 
Wequaily towards the other half, were they free from all external 
action. But, by the action of the moon, the gravitation of one 
Walt of the earth towards its centre is dimimithed, and that of the 
ther increaſed. In the half- earth next the moon, the parts direct- 
under her being moſt attracted, and conſequently their gravita- 


an 4 ion towards the earth's centre moſt diminithed, the waters in theſe 

Parts muſt be higher than in any other part of this halt-carth. And 
the half-carth, fartheſt from the moon, the parts in the nadir 
bag. Ning leſs attracted by her than thoſe which are nearer, gravitate lefs 
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hoſe parts of the earth, where the moon appears in the horizon, 
Pr o degrees diſtant from the zenith and nadir, will have their 


R 3 loveit 


2 np uy, wo 2% * — 


_ rr n 
„ x. 252 


— o 
-—— — 


— 


> EX 


— of - — - * 
z 9 
* 
Tas "4 4 vi * 2 
» _ . =o 
= „ * 


— — IR 


1 


— 


* o 


þ* 
75 
T 
Ms ; " 
*Z 
. 
: 
+ 
* 
, 4 
as 
2 
- 
: - 
5-4 
If 
43 
"X 
* 
1 «? 
n : * 


— 


- 


132 TIDES, 
loweſt waters. For as the waters in the zenith and nadir riſe x 
the fame time, the adjacent waters will preſs towards thoſe place: 
to reſtore the equilibrium; and, to ſupply the places of thc 
others will move the fame way, and fo on to 90 diſtant from th: 
ſaid zenith and nadir: conſequently the waters, in thoſe place; 
where the moon appears in the horizon, will have moſt liberty v 
deſcend towards the centre; and therefore they will, in tuch place, 
be the loweſt, Hence it plainly follows, that the ocean if it co- 
vered the ſurface of the carth, would put on a ſpheroidal, or egy: 
like figure; in which the longeſt diameter would paſs through th: 
place where the moon is vertical; and the ſhorteſt where ſhe is 
the horizon. And as the moon apparently ſhifts her poſition tron 
calt to weſt in going round the earth every day, the long diameter 
of the ſpheroid, following that motion, would occaſion the tus 
floods and ebbs in about every 25 hours, which is about thelengti 
of a lunar day, or the time {ſpent between the moon's leaving tle 


meridian of any place, and her coming to it again. Hence, th 


greater the moon's meridian altitude is at any place, the greater wil 
thoſe tides be which happen when the is above the horizon; and the 
greater her meridian depreſhon is, the greater will thoſe tides be 
which happen when ſhe is below the horizon. The ſummer da, 
and the winter night tides, have a tendency to be higheſt ; becauſe 
the ſun's ſummer elevation, and his winter deprefhon are greateſt 
this is more eſpecially to be obicrved when the moon has north &. 
clinution in ſummer, and fouth declination in winter. 

Ihe time of high water is not pieciſely at the time of the moon! 
coming to the meridian, but about an hour aſter. For the mo 
continues to act with ſome force after ſhe has pait the meridian, an 
by that means adds to the libratory, or waving motion, which {it 
put the water into whilſt the was on the mcridian ; in the fant 
menner as a ſmall force applied upwards to a ball, already raiſed i 
ſome height, will raiſe it till higher. The tides are greater tial 
ordinary twice every month ; that is, about the times of new ant 
ful! moon: they are called ſpring-tides. At theſe times the f 
and moon concur to draw in the fame right line; and therefore tit 
ica mull, under ſuch joint intluenge, be more elevated than at othel 
tines. During the time ot their conjunction, or whilſt they are! 
the ſame fide of the earth, they both conſpire to raiſe the watel ; 
the zenith, and coniequently in the nadir : and when the fun a! 
moon are in oppotition, that is, when the carth is between then 
whilſt one makes high-water in the zenith and nadir, the other dcs 
the ſame in the nadir and zenith. The tides are leſs than ordin®] 
twice every month; that is, about the times of the firſt and 
quarters of the moon; theſe are called neap-tides : becauſe in 
quarters of the moon, the ſun raiſes the water where the moch & 
pretics it, and depre ſſes where the moon raiſes the water; ſo that d 


* — — . - . th 
tides are then cauied only by the difference of their actions. Here!" 
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neceſſary to obſerve, that the ſpring-tides happen not exactly at the 
new and full moons, but generally tlirce days after, when the at- 
tracting powers of the lun and moon have conſpired tor a con- 
iderable time. In like manner the neap tides happen about 
three days after the quarters, when the moon's attraction has 
been leflencd by that of the fun for ſeveral days together. 

When the moon is in her perigæum, or neatcit approach to the 
earth, the tides riſe higher than they do, under the tame circum- 
ſtances, at other times ; for, according to the laws of gravitation, 
the moon mult attract moſt, when {he is nearcit the carth. Thie 
ſpring-tides are greater about the time of the cquinoxes, that is, 
about the latter end of March and September, than at other times 
of the year ; and the neap tides are then lets: becauſe the longer 
diameter of the ſpheroid, or the two oppolite floods, being then in 
the earth's equator, will deſcribe a great circle of theeart}i ; by the 
diurnal rotation of which, thoſe floods will move {witter, detcribing 
a great circle in the lame time they uſed to deſcribe a lefs one, paral- 
Icl to the equator ; and couirquently, the waters being thrown more 
forcibly againſt the ſhores, mutt cauſe them to rife higher. 

The following obſervations have been made on the riſe of the tides; 
namely, the morning-tides gencrally differ in their riſe from the 
evening-tides. The new and tuli-moon ſpring tides rife to different 
heights. In winter the morning-tides are higheſt, In ſummer the 


evening-tides are higheſt. Thus it appears, that, aftec a period of 


about {1x months, the order of the higheſt tides are inverted ; that 
is, the riſe of the morning and evening-tides will change places, the 
winter morning high-tides becoming the fame as the ſummer even- 
ing high-tides. Some of theſe eftects ariſe from the different dif- 
tances of the moon from the earth after a period of ſix months, 
when the is in the ſame ſituation with reſpect to the ſun ; for, if ſhe 
be in perigee at the time of the new-moon, ſhe will, in about fix 
months after, be in perigee about the time of full-moon. Theſe 
particulars being well known, a pilot may chuſe that time which 
will prove molt convenient for conducting a ſhip out of any port, 
where there is not a ſufficient depth of water on common ſpring— 
lides, 

small inland ſeas, ſuch as the Mediterranean and Baltic, are 
little ſubje& to tides ; becauſe the action of the ſun and moon is 
always nearly equal at the extremities of ſuch ſeas. The tides, in 
very high latitudes alſo, are very inconſiderable: for the ſun and 
moon acting towards the equator, and always railing the water 
towards the middle of the torrid zone, the neighbourhood of the 


& poles muſt conſequently be deprived of thoſe waters, and the ſea, 


within the frigid zones muſt be law in compariſon to other 
parts, 


All the things hitherto explained would exactly obtain, were the 
whole ſurface of the earth covered with ſea, But ſince there are a 
multitude 
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multitude of iflands, be ſides continents lying in the way of the tide 
which interupt its courle ; therefore there ariſe, in many places ney 
the jhores, a great varicty of other appearances, beſides the foregoing 
ones, Which require particular ſolutions, in which the ſituations of 
the ſhores, {traits, hoals, winds, and other things, muſt neceſſarih 
be confidered, For itiſtance; as the fea has no vitible paſlage between 
Europe and Africa, Jet them be {uppoſed one continent, extending 
irom o north, to 34“ ſouth: the middle of thote two would be 
un latitude 19 degrees north, near Cape Blanco on the weſt coaſt of 
Africa. But it is impoſhble the flood-tide thould fet to the weſt— 
ward, upon the wellern coaſt of Africa, (for the general tide, fol. 
lowing the courſe of the moon, muit ſet from eaſt to welt ) becauſe 
the continent tor above $0®, both northward and ſouthward bound; 
that fea on the ealt ; and theretore it any regular tide proceed from 
the motion of the tea from cait to welt, ſhould reach this place, it 
wult be either from the North of Europe fouthward, or from the 
South of Atrica northward. 

Ibis opinion is further corroborated, or rather fully confirmed, by 
common experience, which ſhews that the flood-tide ſets to the 
ſouthward along the wett coatt of Norway from the North Cape 
to the Naze, or entrance of the Baltic Sea, and to proceeds to the 
ſouthward Jong the eatt coalt of Great Britain, and in its paſſage 
ſupplies all thojc ports which lie in its way one after another. The 
coaſt of Scotland has the tide firſt, becauſe it comes from the north- 
ward to the ſouthward. On the full ahd change days, it is hiph- 
water at Aberdeen at 12h. 45m. but at Tinmouth Bar not till 3h. 
Rolling thence to the fouthward, it makes high-water at the Spum 
2 little after Sh. at Yarmouth Roads a little after 8h. at Harwich at 
10 b. 30m. at the Nore 12 h. and at London 2 h. 30 m. all in the 
fame day. And altlwugh this may feem to contradict the hypo- 
thetis of the natural motion of the tides being from eaf} to welt, 
vet as no tide can come welt from the main continent of Norway 
or Holland, it is evident the 1:de we have been tracing, by its ſe— 
veral Rages from Scotland to London, is ſupplicd by that tide, the 
original motion of which is from caſt to welt. As water always 
melmes to the Jevel, it will in its paſfage fall to any other point oi 
the compaſs, to fil up vacancies where it finds them; and yet not 
contradict, but rather confirm the firſt hypotheſis. | 

White the Rood-tide is thus gliding to the fouthward along the 
eait coaſt of England, it alfo ſets to the fouthward along the wet 
conlts of Scotland ani Treland ; one branch of it falls back, north- 
caſt into St. George's Channel; and another runs between Uſhant 
and tlic Lizard, into the Britiſh Chaunel, Some may object that 
this courtc of thy Fnoderide, eaſt up the Channel, is quite contrary 
ro the hxpotheſis of the general motions of the tides being from ealt 
to welt, and conlequentiy of its being high-water where the 
230013 18 vertical, er any here cit on the mecidian. But it =! 
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(3 


be anſwered, that this particular direction of the tides does not 
; contradict the general direction of the wholc. A river with a 
8 weltern courſe may ſupply canals which wind north, fouth, or 
© even eaſt, and yet the river keep its natural courte ; and if the 
river ebbs and flows, the canals ſupplied by it would alſo do the 
lame, although they did not keep exact time with the river; be- 


* 8 
. OY 


* oo 8 
4/64 r 


| cauſe it would be flood, and the water advanced to ſome height in 
the river, before it reached the fartheſt part of the canals ; and the 
more remote the extremity of the canals are, the longer time it 
* would require : it may allo be added, that if it were high-water in 
the river juſt when the moon was on the meridian, the would be 
* far paſt it before it could be high-water in the remoteſt part of thoſe 
FE” canals; and the flood would fet according to the courſe of the 
canals that received it, and could not ſet welt upon a canal of a 
different poſition. As St George's Channel, the Britiſh Channel, 
” Ac. are no more in proportion to the vaſt ocean, than ſuch canals 
would be to a large navigable river; it will evidently follow, that 
the flood-tide may, among thoſe obſtructions and confinements, 
ſet upon any other point of the compaſs, as well as weſt; and 
may make high-water at any other time, as well as when the 
moon is upon the meridian, without anywiſe contradicting the 
general theory of the tides. 
Among pilots it is cuſtomary to reckon the time of high-water 
by the point of the compaſs the moon bears on at that time. allow- 
ing three quarters of an hour for each point. Thus, in places 
where it is high-water at noon, on the full and change davs the 
ide is {aid to flow north and ſouth, or 12 o'clock. In places where 
the moon bears 1, 2, 3, 4, or more points to the eaſtward or weſt- 
> ward of the meridian, when it is high-water on ſuch days, the tide 
zs ſaid to flow on ſuch a point; ſo, if the moon bears fouth-eall 
| at high-water, it is faid to flow ſouth-eaſt and north-weſt, or 9g 
> oclock ; if the bears ſouth-weſt, it flows ſouth-weſt and north- 
| caſt, or 3 o'clock; and in like manner for every other point of 
= tne moon's bearing. 
From the obſervations of many perſons, the times of high-water 
on the days of the new and full-moon on moſt of the coaſts ot 
| Europe, and ſeveral other places, have been collected; aud thoie 
dae generally put in a table, againſt the names of their reſpective 


eo places, in an alphabetical order; hence it is called the tide table. 

t WE {ie method generally preſcribed for finding the time of high- 
er at any place, is contained in the following particulars : 

nt 1 

at To find the Leap-Tear. 

1 Divide the given year by 4, if nothing remains it is leap-year, 
ut 


but it 1, 2, or 3 remains, thev ſhiew that it is ſo many years after 
1 biſlextile, or leap-year, as the remainder is: thus, the year 1796 
YH di Y! ac 
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divided by 4, gives 449, and the remainder is (o) ſhews it is len. 
4 * 
year. YH 


To find the Goldin Number for any Year. 4 

Rvrr. Add one to the given vear, and divide the ſum by 19 F 

. 0 4 , 

the remumder will be the golden number. . 


EXA E. 
Required the Golden Number of 1796 

By adding one to that year, it gives 1797, this divided by 19, give; 
94 for the quotient, and the remainder is 11, the golden number 
tor 1790. | 

7% find the Epact for any Year. 

NoTr. The Epo&t is the moon's age at the beginning of tl; 
year, or rather the firft of March. The EpaCt advances 11 even 
year, to 30. becaule the ſolar year is 11 days longer than the lunar 
year, and as the Epact increaſes, it ſhews the moon's age at the 
beginning of the year, it is here ſuppoled, that at the end of 19 
years, the tun and moon make ail the varicty of fit uations they 
poſſihly can with one another, and thence begin, and go over 
the fame agam., The golden number at the birth of Chriſt, was 1, 
twhich is the reaſon that one is added to the given year, to find thi 
golden number. | | 

Rull. Divide the given year by 19, the remainder multiply by 
11. and the product will be the EpaCt, if it does not exceed 29; 
but if it does, tubtract 30 from it as often as you can, and tie 
remainder will be the pact, for it never excceds 29. 


FE XxX AMPLE 
Il hat is the pact of the Tear 1796 ? 


1790 divided by 1g, gives 94, and the remainder 10 multiplied 
by 11, gives 110; this divided by 30, gives 3, and the remain! 
is 20; which is the Epact for 1790. 

To find the Mom's Axe. 
To the Epact, add the days of the month, and the Epact, & 


age; but if it does, ſubtract 30 from it as often as you can, ail 
the remainder is her age. 

Norz. The Epact or number for each month, is found thus: 
divide the number of days contained between the firſt of Janus!) 
and the firtt day of any month, by 293, the remainder will be tie 
number for that month. 

Required the Number or Epact for Sept. 1796 ? — Auf. 155 

The number of days containad between the firſt of Janus 
1796, and firſt of Sept. are 244 days, divided by 297, gives vor 
quotient, and 8 for the remainder, which is the number ſouglu 


d tor: tl zonth. 
and ſo for any other month EXA 
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EXAMPLE. 
Required the Moon's Age, April 29, 1796. 
Day of the month 29 


Epact for the year 20 
Number for the month 3 


3005201 
30 


20 Moon's age. 
Numbers for the Months are nearly as follows: 


: Jan. Feb. Mar. Apr, May. June. July. Aug. Sep. Oct. Nov. Dec. 
ang 2-4 . 8: 26:20 
Sp or D lf ʒ⁊ 30 8 


To find the Moon's Southing on any Day of her Ape. 


| Since the ſun returns to the meridian he has left in the ſpace of 
24 hours, and the moon in about 24 hours 49 minutes; therefore, 
il the moon leaves the meridian at the ſame time that the fun 
does, on any day, the next day ſhe will come to the meridian 49 
minutes after him, falling back, about 49 minutes every day; 
hence to find the time of the moon's ſouthing, or coming to the 
meridian on any day, we have this eaſy RULE : 

Multiply the day of ter age by 49, and divide the product by 60, 
the quotient is the hours, and the remainder the mmutes afternoon 
when ſhe ſouths. Or, which is rather eaſter, and in many re- 
ſpects ſufficiently exact for the mariner's purpoſe ; multiply the 
moon's age by 4, and divide the product by 5, the quotient is the 
hours, and the remainder multiplied by 12, gives the minutes 
afternoon when ſhe is upon the meridian ; but if this time exceeds 
12, ſubtract 12 hours from it, and the remainder is the time of her 
louthing in the morning. ; 
N. B. From the full moon to the change ſhe comes to the meri- 


inn, or ſouths in the morning, but from the change to the full, 
1 the afternoon, | 


EXAMPLE. 
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EN AMP LE; 
Required the Moon's Southing, Auguſt 25, 1796 ? 


9 
<4 
% 
">, 
91 * 
* - 
x 
" 
3 
2 
* 
7 
= 
i. 

3 
3 
4 

. 
& 
J 
" 
Fl 
"Ta 
A | 
$7 
* 
* 


The epact is 20 Or thus 22 
Number tor the month is #7 4 
Day of the month 25 
— 5)88 
30)$2(1 | 
30 Moon's ſouthing 17 36 9 
5 EN 12 O0 7 
Moon's age 220 — 8 
49 5 36 ; 
— — 7 
198 1 
85 wy 
6,0)107,8 4 


2»ä T 


Moon's ſouthing 17 58 afternoon 
Subtract 12 


Moon's ſouth'ng 5 58 in the morning. 


Hence it appears that the moon comes to the ſouth at 58 minute 
after 5 in the morning. 


To find the Time of High Water on any Day of the Moon's Age « 


any Place, 


From the obſervations of many perſons, there have been co: 
lected the times when it is high water on the days of the new and 
full moon, on moſt of the ſea coaſts of Europe, and at ſeveral othe! 
places, and theſe times are commonly put in a table againſt th: 
names of the places in an alphabetical order, for which reaſon, 1 


is called the Tide Table; but in this treatiſe, the times of high wat? / 
at full and change days, are ſet down after the latitude and long: 8 
tude of each place, in the table of latitudes and longitudes d 

places. \ 


RurE. To the time of the moon's ſouthing on the given di 
add the time of high water at the full and change at the given place 
taken from the table; the ſum is the hour paſt noon on the gie 
day, when it is high water at that place; and if this hour es 
cceds 12, ſubtract 12 ſrom it, and the remainder ſhews the tim 
of high water in the morning; but if it exceeds 24, fubtri" 8 
24 from it, and the remainder ſhews the time of high water 1 
the aft ernoon. | 
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FxAMPLE I. 


At what Time will it be High Required the Time of High Wa- 
Water at London, Auguſt 
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EXAMPLE II. 


ter at Dover, October 12, 


25, 17967 


190 1796094 


171 


6 
76 

— 
11 


300 11003 
90 


The epact 20 
Num. of month 7 
Day of month 25 


52 
Subtract 30 
Moon's age 22 
Multiply by 4 

5)88(3 

17=36 
Time at London 3 
Afternoon 20 36 
Subtract 12 
Morning 8 36 


1790? 


1901796094 


171 


86 
76 


— — 


10 
LE 1 


30)110(3 
90 


Epact | 20 
Num. of month | 
Day of month 12 
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41 jt 
30 | 
Moon's age 11 4148 
49 139 
— ; by 
60) 5 39(8 1 
480 1 
= j 


Moon's Southing 8 59 
Time at Dover 10 30 


Afternoon 19 29 


Subtract 12 


Sc that it is high water 36 minutes after eight 


in the morning at London. Morning 


92 


EXAMPLE. 


1 29 
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be the time of high water at that port on the full and change days. 
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+$ 
EXAMPLE. 4 
Required the Time of High Water at the Start Point, ſan. 3. 17961 4 
Epact | 20 #4 
Day of mont - 
Num. of month O 1 
Moon's age 2 3 1 
= 1 
5)92 3 
Moon's ſouthing 18 24 i q 
Time at Start 6 . 
24 24 L. 
24 RA 
H. W. afternoon oo 24 4 
Hence it appears that it is high water at the Start at 24 minutes 
in the afternoon. | e 
Coming into a Port and find that it is High Water at a certain Hour, 7 | 


- 4-4 eueaby + <4 


3 


to know when it is High Mater there on Full and Change Days? 


RULE. Find the time of the moon's ſouthing on that day, and 
ſubtract from it the time of high water at the given place, if you 
can, and the remainder will be the time of high water on the 
full and change days of the moon ; if you cannot, add 12 hours to 
it, and ſubtract the above time from the ſum ; the remainder will 


Ss} 


T his is the method of finding the time of high water inſerted in 
common books of navigation, which, at times, will give the moons 
age, Whole days and the time of ſouthing, and of high water, 
hours wide of the truth; and even if the moon's fouthing be ex. 
actly found, yet the tides may differ leſs or more from the computed 
time; for the floods do not always happen at the ſame diſtance 0! 
time from each other, but at different diſtances, according to the 
times of the moon's age, and her aſpect with reſpect to the ſun; ot 
as the waters are acted upon by the ſum or difference of the attrac- 
tive forces of the ſun and moon, and alſo on account of winds and 
ſtorms, even when out of of hearing, which greatly affected the 
tides, the real time of high water at any place will often differ 
from the computed times; theretore pilots and all concerned, would 
do well to uſe the following method, which will in general, git 
the time of high water within half an hour of the truth, when the 
tides are not greatly influenced by the wind, 
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A TABLE 
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on ill the Y 
the Golden 


LE for the ready finding the Day of the Month the Nezv will fall 
ear 1900, and conſequently the Moon's Age, for any Day, by know- 
Number, according tothe Method commonly uled for finding the 
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on's Age, — Add 1 to the given Year, and divide the Sum by 19, the Remain- 
& will be the Golden Number, which, being marked with Pencil at the top of 
the able, will ſhew the Golden Numberduring that Year, 
| ” | | ? | 7 » | T | [ | >= 5 
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The uſe of the foregoing table. 


To find the moon's age on any given day, look in the firlt o. 
lumn (marked Gn. N'.) for the golden number, and under t 
month, on the fame line, ſtands the day of the new moon; the 
count the days which have completely paſſed ſince the laſt chang: 
and they will be her age on the given day. | 


To find the Time of High IF ater. 


Look for the moon's age in the table of times, and the how 
and minutes oppolite to which being added to the time of h 
water, on the change and full days, at any place, will, if it do 
not exceed 12 hours, give the time of high water there in the# 
ternoon of the given day; but if it does exceed that nume 
take 12 from it, and the remainder will ſhew the time of hiv 
water in the morning. ; 


EX AMP LE I. 
At <vhat time will it be High Mater at London, April 29, 1196! 


Oppoſite 11 the golden number, and under April, I find it m 
new moon the 7th day; and reckoning forward to April 29, git 
22 days for the moon's age. 

Againſt 22, in the table of times, ſtand 4 hours 36 minuts 
to which add 3 hours, the time of high water at London on the fil 
and change days, and that gives 7 hours 36 minutes, the timed 
high water at London in the morning; differing one hour tra 
that found in the firſt example by the common method, 


EA AMPLE II. 
Required the Time of High Water at Dover, Oclober 12, 1796 


Oppoſite to 11 the golden number, and under October, I fi 
A was new moon the 11t day; reckoning forward to October 12 

| find the moon's age is 11 days; againſt 11 in the table of tin 
ſtand 8 hours and 8 minutes. This added to 10 hours 30 minus 
the time of high water on full and change days at Dover, gives! 
hours 38 minutes ; from which I take 12, and the remainde! 
hours 38 minutes is the time of high water in the morning at De 
ver on the given day; differing from that found in the {ec 
example by the common method, 41 minutes. 


# EX AMPLE- TI, 
Nat Time will it be High I ater at Torbay, July 10, 1796 


By the tables it was new moon on the 4th day, and reckon 
forward to the 10th, I find there are 5 days completely paſt. Aga. 
5 in the table of times, ſtand 3 hours 2 minutes, which add: 
| 6 hours the time of high water at Torbay, on full and chan 
days, gives 9 hours 2 minutes the time of high water in the a 
noon, on the above day; differing from that given by the ſort 
method, 58 minutes. 
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To find the Time of the Moon's Riſing. 


tit the moon is not yet come to the full, add the time of her 
W uthing to the time of the ſun's riſing, and the ſum will be the 
tmc of the moon's riſing in the forenoon ; but if the ſum exceeds 
W : 2, ſubtract 12, and take the remainder for the time of her riſing 
In the afternoon. But if the moon is paſt her full, then add the 
time of her ſouthing to the time of the fun's ſetting, and the ſum 
will be the time of the moon's riſing in the afternoon. But if the 
E ſum exceed 12, ſubtract 12, and take the remainder for the time of 
the moon's riſing in the morning. 

No rk. If the time of the ſun's riſing and ſetting is not known, 
it may be eaſily found, having the latitude of the place and the 
W {un's declination in the table, thewing the riſing and ſetting of the 
E (un, moon, or ſtars. 


at London, Dec. 1, 1792, required the Time of the Moon's 


2 
| Riling * 
| IH. NI. 
Rising 12 00 
ga don rites that day by the tables at 8 02 
sn (ets —— — 3 58 
Moon ſouths that day at — 2 24 
ie 25 Gus 
e Moon riſes at . | 6 22 afternoon, 


To find the Time of the Moon's Setting. 


Find the time of the ſun's riſing and ſetting by the tables as 
before, and if the moon is not yet come to the full, add the time of 
ber fouthing to the time of the ſun's ſetting, and the ſum will be 
te de time of the moon's ſetting in the afternoon ; but if the ſam 
exceeds 12, ſubtract 12, and take the remainder for the time of 


t 
I her ſetting in the morning. 
der And if the moon is paſt the full, add her ſouthing to the time of 


1 b. the ſun's riſing. and the ſum will be the time of the moon's ſetting 
_ the morning; but if the ſum exceeds 12, ſubtract. the 12, 


and take the remainder for the time of the moon's ſetting in the 


EXAMPLE. 
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EX AMPLE: 
At London, Nov. 16, 1792, required the Time of the Moor; 


Setting, | 
II. M. ; 
Setting 12 00 3 
Sun riſes Nov. 16th, by the tables, at 7 43 b 
Sun ſets — 4 17 
Moon ſouths Nov. 16th — 3 
Moon ſets Nov. 16th at 5 53 afternoon. 


NoTEr. The above method may differ half an hour from the 
time given by the almanacs. 

In like manner may the time of high water be found at an 
other place. Whoever will compare theſe examples with the 
methods uſed in other books of this kind, will find a confiderhl- 


difference, as they trequently give the moon's age ſeveral days, and 
of high water, hours wide of the truth; indeed, on account of th: 
irregularities of the moon's motion, the times of her change may a 
difter half a day from the truth; and the time of high water 5 
minutes, but ſeldom more, it the ſea is not greatly influenced by 
the wind - þ 
The tides do not alwavs anſwer to the fame diſtance of the 
moon from the meridian at the ſame places, but are varioully al. 
Oy! 


fected by the action of the ſun, which brings them on ſooner when 
the moon is in her firſt and third quarters; and keeps them back 
later when ſhe is in her ſecond and fourth quarters; becauſe in th: 
former caſe, the tides raiſcd by the ſun alone, would be earlier than 
the tide raiſed by the moon; and in the latter caſe later, as may be 8. E 
ſeen in the table of the ſhift ing of the tides. s. 

As the Nautical Almanac is become now of general uſe in lony 8. 
voyages, the time of high water at any part of the world may be 
readily found, if the time making high water at full and charge 
be known; for in the ſixth page of each month is given the time 
of the moon's paſſage over the meridian of Greenwich every dar: 
this time may be reduced to the meridian of any other place, . 
allowing 1 hour for every 15 degrees of longitude. To this time 
add the time making high water there, on full and change days 
which gives the time of high water nearly on that day, if the ſum be 
leſs than 12 hours; but if above, ſubtract 12 hours, or 24 hour 
from it; obſerving, that the days in this Almanac begin 12 bouts 


later than the common day. 
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BP ATABLE of the Bearings of the Moon at the Time of High Mater, 
= nearly with the Times of thoſe Bearings at the following Places : 
4 4 When the Moon bears 


48 follows. H. 
Iſle of Alderney, Gibraltar, Southamp- 
8 Ph ton, Beachy, Sheerneſs, a Sand called 
3 N. and ; Kentiſh Knock, a Sand called the Swin, 
3 at the Mouth of the Thames. 


4 or 45 minutes paſt 12, Rocheſter, Fluſh- 

N. by E. S. by W. | of 1 Malden, More. 

| or 30 minutes paſt r, Bell Ifle, Tin- 

8. S. W. | month, Graveſend, Holyhead. 

or 15 minates paſt 2, Berwick, Liſbon, 
St. Andrew's, Couquet. 

Whitby, London, Amſterdam, Bour- 

| deaux, Bay of Biſcay. 


Iv . 
N. E. by N. S. W. by 8. 


N. E. S. W. 3 


Scarborough. 


E. N. E. W. S. W. | 45 In Breſound, Uſhunt, Scilly, Cork, C. Clear, 
1: : : 51 Humber Mouth, at the Spurn, Torbay 

1 E. by N. W. by 8.54 Start Point. 5 
5. W. | 6 Hull, Wells, Weymouth, Plymouth, 


Ramhead, "Torbay, Dartmouth. 
E. by 8. W. by N. | 63 Briſtol, Portland Rd. Lynn, Foulneſs, Foy. 


E. S. E. W. N. W. 71 3 End, Falmouth, Penryn, 


af- * * | . — 
„E. w. ow. 83 E 

ack Iſle of Man, Iſle of Wight, E. End, Caf- 

the 8. E. N. W. 9 kets, Caen, St, Helen's. : 


North Foreland, Dungeneſs, D ir 
8. E. by S. N. W. by N.] 92 ee „Dungeneſs, Dunnoſe, 


8. S. E. N. N. W. [10% Downs, Deal, Dover, S. Foreland. 


R 0 Margate, Harwich, Roſe, Pool, Portſ- 
8. by E. | N. by W. 114 f mouth, Spithead, Calais. g 


Flanders, Oſtend. 


Nor. The current in the Downs generally runs 74 hours to 


rom the channel runs northward 74 hours; and from the north 
Fh, 10 m. at the full and change of the moon. The tides ſet in 


ondon 46 minutes after two at full and change by the ſhore. 


| Pilots reckon 6 hours for a tide, then as ; a tide is 3 hours, * 
0 is 14 hour, and half- quarter tide is 3 of an hour. So that 
it lows tide, half tide, and quarter tide, it is high water at half 


4 hour after 10 o'clock, which is the caſe in the Downs by the 
lore, 


" ABLE 


T O1 


| N. E. by E. S. W. by W.] 33 Breſt, Huntclift, Iſle of Bas, at the Maes 5 


ö. N. 12 {RS Embden, R. Elbe, Coaſt of 


the north; and 51 hours to the ſouthward; at Lover the tide 


he Downs N. N. E. and S. S. W. hourly. It is high water at 
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OF THE 


LOG-LINE AND HALF-MINUTE GLASg, 


AND HOW TO 


CORRECT THE DISTANCE GIVEN BY THEM. 


— — 


TH Log is a flat piece of wood like a flounder, or of the figure 

of a quarter of a circle, having its circular ſide loaded with 
lead ſufficient to make it ſwim upright in the water. Lo this log 
is faſtened a long line of about 150 fathoms, called the Log-line, 
which is divided into certain equal ſpaces, called Knots, cach of 
which ought to bear the ſame proportion to a nautical mile (60 of 
which make a degree) that half a minute does to an hour, that 
being the time allowed for the experiment, 

They are called Knots, becauſe at the end of each of them there 
is a piece of twine with knots in it, reeved between the ſtrands of 
the line; theſe pieces of twine ſhew how many knots run out in 
_ a minute, and conſequently the ſhip's rate of failing yer 

our, 

Mr. Nogwoop, and ſeveral other able mathematicians, have 
found that a degree of a great circle upon the earth contains about 
367200 Engliſh feet, therefore a nautical mile being the i part of 
307200 feet, that is, 6120 feet, and ſince half a minute is + part 
of an hour, the length of a knot on the log-line ought to be 
the +35 part of 6120 feet, or 51 fect. But as for the moſt pan 
the ſhip's oe is found, by experience, to be really more than that 
1 by the log, and as it is ſafer to have the reckoning before the 

ip than after it, therefore 50 feet may be taken as the proper 
length of each knot, and theſe knots ſubdivided into ten fathoms 
each of 5 feet, which is certainly the beſt adapted for practice, and 
will correſpond with all the tables and inſtruments uſed in naviga- 
tion, as they are decimally divided, and conſequently, the ſhips 
run determined with greater eaſe and certainty. But ſome expe- 
Tienced commanders find, that the allowing 50 feet to a knot, ge- 
nerally makes a ſhip a-head of the reckoning ; and to avoid dange! 
moſtly divide the log-line into knots of 7 or 7: fathoms of b feet 
each, to correſpond with a glaſs that runs 28 ſeconds. Other 
«gain, divide the ſeconds the glaſs runs by 4, and take the quotien! 
for the diſtance in fathoms between the knots ; which of theſe 
methods are beſt, I leave to every captain's own experience to de- 
termine; but certain it is, that whatever length the knots are, the 
moſt convenient way is to divide them into tenths. ; 

In hot or dry weather, the glaſs runs out faſter than in moiſt” 
rainy weather: therefore care ſhould be taken to try what number 
of ſeconds the glaſs runs, | . 


The 
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The length of the log- line formerly uſed, was divided into knots 
of 42 feet, which way of dividing the fame was founded on the 
ſuppoſition, that 69 miles, of about 5000 Engliſh feet, made a de- 
gree whereas it is abundantly certain, that a degree contains 
about 73 ſuch miles. It was therefore to be wiſhed, that no line 
ſo divided were in uſe, but very often cuſtom prevails over reaſon ; 

anch although mariners find by experience this length of the knots 
to be too ſhort, yet ſome of them, rather than quit the old way, 
uſc glaſſes for half minute ones that run but 24 or 2.5 ſeconds, which 
i but correcting one miltake by another, 

E Th: knots commonly begin to be counted at the diſtance of 10, 
12, or 15 fathoms from the log, according to the larg-nefs of the 
E ſhip, that ſo the log may be out of the ſhip's wake when it is 
E thrown overboard before they begin to count, leſt the eddies ſhould 
ſuck the log after the ſhip ; and for the more ready diſcovery of this 
point of commencement, there is commonly faſtened at it a piece 
of red rag; that part of the line between the red rag and the log is 
called the ſtray line. 

Ihe log and log-line being ny prepared and hove overboard 
from the poop, or lee-quarter, and the line yeered out (by the help 
of a reel which turns eaſy, and about which it is wound) as faſt as 
the log will carry it away, or rather as faſt as the ſhip ſails from 
it, will ſhew how faſt the ſhip has failed in the given time, or rate 
| of ſailing per hour. | 

| The experiment for finding the velocity of the ſhip is called 
heaving the log. 

Care ſhould be taken to veer out the line as faſt as the log takes 


Rc 88 * 


- it, for if the log is left to turn the rcel of itſelf, the log will come 
- home, and deceive you in the reckoning. 

nd In kings' ſhips, India ſhips, and ſome others, the log is hove 

every hour, but in coalters, and thoſe uſing ſhort voyages, ever 

95 8 ag F 
55 two hours. 

a Here the ſhip is ſuppoſed to move with equal velocity between 
10 the times of trying the experiment. But if the gale has not been 
* the lame during the whole hour, or time between heaving the log, 
py orit there have been more fail ſet, or any handed, that fo the ſhip 


has run more or leſs in any part of the hour than ſhe did at the 
time of the experiment ; or if it ſhould fall little or more wind at 


tient | ; ; ; 
pete that time, there muſt be allowance made for it according to the diſ- 
„e. arion of the artiſt: Sometimes too when the ſhip is before the 


wind, and a great ſea ſetting after her, it will bring home the log; 

n ſuch caſes it is cuſtoinary to allow one mile in ten, and leſs in 

Poportion, if the ſea be not ſo great. 

bz: i, Care ſhould alſo be taken to meaſure the log-line pretty often, 

"it tretch and deceive you in the diſtance, 

The The like regard muſt be had, that the half-minute glaſs be juſt 

| o ſeconds, otherwiſe no account of the ſhip's way can be kept; 
1 2 to 


— öZuwçã— — — ——— 


— 


2 
—— ͤ «?:. — Ceeeeeeoe ee ———_ 
— 
— EE? "I. " 
— 33 
- * * = 
e * * T _ — 


— *. — 
- _ 
A — 


Ong Los 1 _ 
. * 


* 1 . 0 a 9 - $4 —— a - __— - — — — —ä — ——— —ũ — — 
x >.” , 
* _ - — by * i — 4 — y i 
- C 7 - " — 4 2 — 8 


: 
- 
= 
- 
— 14 
„ 
* 
1. 
1 
= 
„ 
4 4 
id 
FL 
33% 
14 * 
9 4 
+ ER. 
\ Lo 
- 
v4 
WT. 
4:4 \ 
"7" 
+ iy # 
, = 
: —_— 
, 
1 
621 
2.4 
* - i 
4 ' 
| , \ 
o 
. m1 : 
| 5 
/ 74 1 
1 
# 4 
: 7 8 
A 
= # 
04 
© 148 
: 
Ti 
1 
14 
55 
12 
5 
5 
A 
„ 


— 


113 OF THE LOG-LINE AND HALF-MINUTE GLASS, &c. 


to prove which, if there be no ſtop watch at hand, let a plummet, 
of any form or weight, be faſtened to a ſilk ſtring or thread, with WA 
a loop to hang on a ſmall pin or nail faſtened in any place, fo that 


the plummet may m_ freely; let it be 395 inches from the en n 
of the loop to the middle of the plummet, and the plummet cauſd WAR 4 
to ſwing ; each of thoſe {wings will be a true ſecond of time, alway; WK 

counting every time it paſſes the perpendicular let fall from th: MM 7 


pin, and hag time it paſſes from the perpendicular to the utmaſt 
{wing will be halt a ſecond. 


Flow to correft the Diſtance given by the Log-Line and Half- Mn: 
Glaſs. 


The Diſtance given by the log may be wrong on three account, 
viz. by an error in the glaſs, an error in the log- line, or an error in 
both ; tor correcting of which take the following caſes : 


d 


= 


neee et, 
* 
1 


CASE LI. 


When the log-line is truly divided, and the glaſs is faulty. = 

RULE. Say, as the ſeconds run by the glaſs are to 30 ſecond;, f I 

is the diſtance given by the log to the true diſtance. 1 

| EXAMPLE I. 1 

Suppoſe a ſhip runs at the rate of 74 knots in the time the gli 

runs out, but meaſuring the glaſs I find it runs 34 ſeconds ; whats WW 

the true rate of ſailing ! 5 1 

As 34:30 :: 7,5 : 6,6 miles, the true diſtance ſailed in an hour 

. EXAMPLE II. b 

HK Suppoſe a ſhip runs at the rate of 6 knots, but meaſuring tle 
; $a I find it runs only 25 ſeconds ; required the true rate 0 WW tit 
1 ailing? 3 th 
3 As 25:39 ;: 6,5 : 7,8 miles, the true diſtance ſailed in an hou WW th 
8 CASE It © ty 
th When the glaſs is true and log-line faulty. Iv 
| 4 RULE. Say, as 50 feet is to the diſtance meaſured between kid 
1 and knot, ſo is the diſtance run by the log to the true diſtance : ſh; 
. | | T lin 

1 EXAMPLE T1. | 


[ [ Suppoſe a ſhip runs at the rate of 64 knots in half a minute, but 
Wi meaſuring the ſpace between knot and knot, I find it to be 56 feet; 
5 required the true rate of ſailing ? 

5 As 50: 56 :: 6,25: 7 miles, the true diſtance failed in an hou! 


5 
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EXAMPLE II. 


Suppoſe a ſhip runs at the rate of 63 knots in half a minute, but 
meaſuring the ſpace between knot and knot, I find it to be only 
44 fect 3 required the true rate of ſailing? | 5 

As 50: 44: : 6,5 : : 5, 72 miles, the true diſtance ſailed in an 
hour. 


CASE III. 


When both the log-line and glaſs are faulty. 

RvLre. Multiply thrice the meaſured length of a knot by the 
diſtance run by the log, the product divided by 5 times the meaſured 
time of the glaſs, will give the true diſtance run. 


EXAMPLE. 


Suppoſe a ſhip runs 5 knots of a log-line of 45 feet to a knot, 
while a glaſs of 25 ſeconds is running out; iat is the true rate of 
fling * 


The meaſured length of a knot — 45 
Multiplied by — TERED 2 
1 Gives thrice the meaſured length of a knot 125 
I Which multiplied by the diſtance run per log 1 
3 | Seconds | Len gthof 
\Y of Glaſs. ' Knots in Feet. 
4 And dividing the product by 5 times the 24 189 
1 time the glaſs runs, that is 5 x 25 == 125, 21 41,8 
dhe quotient is 5,4, the number of miles " as 
- the thip runs per hour, af 4 
This rule is only a compound of the 29 48, 4 | 
o former ſimple ones, which is contratt- | 35 n 
edalittle. 31 51,8 
q When the glaſs is faulty, the log-line 32 535,4 
may be divided as in the annexed table, 33 3% 
ſhewing the length of the knots of the log- 34 56, 8 
line to different glaſſes. 35 58, 4 | 
1 29 00, 
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Tur DESCRIPTION anDd USE or 


COMMONLY CALLED 


HADLEY's QUADRANT, 


— — — © T_T —— — — 


HE inventor of this noble inſtrument is diſputed, ſome (; 
it was firſt invented by one GODFREY in Philadelphia, and 
that Mr. HavLEy, then an a in the royal navy, pirated it fron 
him, and brought it to England, who being the firſt that made 
it public, it ſtill bears his name. How far this is true, I cannot 
ſay, but certain it is, that two men in different parts of the world 
may hit upon one invention at the ſame time, 
his inſtrument is now ſo much improved, that angles, 
whether vertical, horizontal, or any other poſition, the objet; 
happen to be in, may be taken to ſuch a degree of exactneſs, that 
people na with the uſe of it would ſcarcely think pol 
üble. 
The principles of this admirable inſtrument has been fo wel 
de monſt rated by other hands, that a repetition thereof here, ſeems 
to me eee [ ſhall therefore content myſelf with giving: 
ſhort diſcription of it, and its uſe in navigation. 


B The 8 Parts of the Iuſtrument are, 
4 The Index D 

Wl The Index Glaſs E 

The Horizon Glaſſes G and F 

The dark Glaſſes, or Screens H 

The Sight Vanes K and G 


The graduated arch B C contains only 45 degrees, or is the 8ti 
part of a circle, but is to be eſteemed as go?, and ſo divided, be- 
cauſe by the double reflection the angle is doubled. 

The diviſions run o, 10, 20, &c. to 9o as in the figure, each de- 
gree is divided into 3 parts of 20 minutes each, which by the hel 
of the vernier, or divifions on the index, is again ſubdivided ine 
cl minutes of a degree, thus : 

i Ihe index D is a flat bar moveable on the centre of the inſtru- 
ment, that part of the index that flides over the graduated ach 
þ having the firſt and laſt diviſions thereon correſponding to thoſe on 
1 the arch, is called the Vernier or Nonius, and which divides eve} 
ſub-divifion on the arch in minutes, thus, 7 diviſions on the non!” 
us being divided into 20 parts, it is evident the difference betweel 
the firſt diviſions on the arch and on the nonius is of one of tit 
ſub- diviſions on the arch, or 1 mi: ute, becauſe )“ there, is divide 
into 21 parts, being one in 20 greater than on the arch. * ot 
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W cence of the two firſt diviſions will be 2 and the difference ot 
W [he three firſt 3, and ſo on, hence it will ariſe, that in whatever 
diviſions on the vernier and arch cut one another the neareſt, the 
vernier will indicate how many minutes above the next ſub- diviſion 
according as it is numbered to right or left thereof. On the bottom 
Ef the index againſt the b1ck of the arch is a ſcrew made to fix faſt 


* index when required. 


4 


Te arch, as before obſerved, is divided into go degrees num- 
Whered o, 10, 20, 30, &c. and each degree into 3 parts, each 20 mi- 
nutes. and is to be read thus: 1d.— 1d. 20m. — 1d. 40m. - ad. — ad. 
20m. 2d. 40m. -- 3d. &c. obſerving to read to the diviſion that the 
Wo. or diamond-like point, of the nonius lait paſſed over; then the 
nonius will give the number of minutes more, to be added to the 
diviſion laſt paſſed by the nonius. Thus, ſuppoſe the o, or A of 
che nonius has paſſ:d over 15 degrees and two parts or 15d. 40m. 
and ſtands ſomewhere between 1 5d. 40m. and 6d. then obſerve what 
Wcivifon or line on the nonius coincides with any diviſion or line 
Won the arch, that number on the nonius will be the minutes to be 
aded to 15d. 40m. Suppoſe 15 on the nonius touches ſome divi- 
Won on the arch, then 15m. muſt be added to 15d. 40m. and the 
Wangle or alticude meaſured will be 15d. 55m. 
be index glaſs E. is a piece of glaſs truly ground, ſilvered on 
the back and txed in a braſs frame, perpendicularly to the index, 
its uſe is to receive the rays proceeding from any object, and reflect 
them to the horizon * F and G; at the back of the braſs 
Wrame of this glaſs are two ſcrews, ſerving to adjuſt the frame 
Epcrpendicularly to the index. 
The horizon glaſſes F and G are ſmaller pieces of ground glaſs, 
wone part of which is fil vered and the other part open or unſilvered. 
Wn order to look at an object thiough it; thele are ſet in frames and 
Wlaced perpendicularly on the limb at G and F ; their uſe is to re- 
Freire the rays of any object reflected from the index glaſs, and 
gain to reflect thoſe rays to the eye through the holes of the fight 
Wrancs K and G. 


To adjuſi the Quadrant. 


Firſt, The index glaſs muſt be perpendicular to the plane of the 
Euadrant, which if not, you may thus diſcover ; hold the plane of 
he quadrant in an horizontal poſition, with the index glaſs near the 
ye, look right down the quadrant in ſuch a manner as to ſee the 
ch of the quadrant direct, and at the ſame time reflected by the 
dex glaſs; then if the arch ſeen direct together with its reflected 
age appear to be in one line, the index glaſs is truly adjuſted, if 
od it muſt be rectified by means of the ſcrews placed at the back of 
e index glaſs ; it is ealy to diſcover which way the inclination is 
12 the index glaſs with your thumb while you obſerve 
arch. 

Sccondly, The axis of the horizon glaſs muſt be parallel to the 

axis 
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axis of the index glaſs, if not the error is caſfily diſcovered and re. 
tihed in the fore horizon glaſs when the index is adjuſted, thy,, WE 
bring O on the nonius nearly to O on the graduated arch, and h 
directly through the fight vane at the moon or any bright ſtar, h 

as to fee the reflected image in the horizontal glaſs, and the object a 


the ſame time through the unfflvered part, then move the ind 
backwards and forwards flowly, and obſerve if both images con-. 
cide or paſs behind one another, which if they do, the axis of both 4 ; 
are parallel, which if not you ſhould nicely adjuft by the tw , 
ſcrews placed on the top block of the horizon glaſs. © . 
If a ſmall piece of coloured glaſs ſet in braſs be made to um J i 
round to the fight vane occaſionally to guard the eye, and the ſcrew; | 
turned back, the fame correction may be made by uſing the ſun in. 
ſtead of the moon or ſtar. I 
To take the Altitude of the Sun by the Fore Obſervation. 1 1 
The ſun's image at any time when not much obſcured by cloud 13 


ray be ſcen as reflected from the untilvered part of the horizon 
glats, by looking through the hole in the fight vane ; having put 
the ſercens down to guard the eye, hold the inſtrument vertical, ani Wi 
turning towards the fun, direct the fight to that part of the horizon { 
beneath the ſun, and moving the index you may bring down the 


red image of the ſun towards the horizon; if the ſun's image ſhou BF ”! 
be faint you may turn back the ſcreens, and you cannot muls it. 10 
Having brought down the ſun's image near the horizon, ſwing WA © 
the quadrant backwards and forwards, making your eye the cen 
of motion, and keep moving the index at the ſame time till tte 
ſun's lower edge juſt touches the horizon, and you will have th: WW © 
apparent altitude of the ſun's lower limb upon the arch of the 
quadrant at that inſtant. But this altitude is greateſt at twelve WM © 
o'clock, when the ſun is on the meridian, from which the latitude re 
is determined; much time will be ſaved if you have a good watch tu 
well regulated to tell you within a minute or two when to begin you tu 
obſer vation, but this apparent altitude requires the four following 
corrections: | a 
Firft, The index error, if any, to be added or ſubtracted. Ky 
Secondly, The dip of the horizon. Ur 
Thirdly, The ſun's ſemi-diameter and refraCtion. _ 
Theſe tour corrections are neceſſary to find the true altitude a | 4 
the ſun's centre nearly, the correction of the ſun's parallax being tl 
ſo fmall, that it may always be neglected in determining ti WF '" 
latitude. : | | 5) 
The back obſervation is managed the fame as the fore obſervatio Jr 
only your back muſt be turned towards the ſun, and the fcree Bi ** 


ſhifted to the back horizon glaſs, remembering to ſubtract the fan! 
ſemi-diameter (if the apparent lower limb be taken) and add the di 
ſubtracting the effect of refraction, and you will have the alt. 
tude of the {un's centre. 1 


5 
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E The correction for the index error is thus: Turn down the ſmall 
W 1:0b of braſs, placed on the limb, to hinder the index from going 
e the arch, as it may be in the way. This correction may be 
W -ccurately eſtimated by taking the diameter of the ſun, moon, or 
any object before and behind O on the arch; that is, bring the up- 
er limb of the object to coincide with the lower, and note the an- 
ole, then take it on the extra arch, as it is called; that is, bring the 
lower limb to coincide with the upper, and note the angle, halt 


; 118 
the diſference of theſe two angles will be the true correction of the 


2 Ca 
5 © W. whe as * N . 
Ce Cans EA 
— — 


index error. 
N 4 . * 
WE Suppoſe the ſun's diameter meaſures 36 on the arch, and 28 in 
1 the extra arch, The difference is 87, half which is the error to be 
ſubtracted, becauſe the diameter meaſures more on the arch, or 


5 # 
— 


gives the ſun's diameter too much, but had the extra arch given the 


F W cater angle, the error would have been additive. 


d 
To take the Altitude of the Moon. 
r = The moon's altitude may be taken either by the fore or back ob- 
p ſerration exactiy in the ſame manner as the {un's altitude, only 
1 A cre you muſt bring the edge of the moon into contact with the ho- 
1 rizon, wiuch is round and well defined, whether that be the upper 
or under edge : the corrections to be applied to the obſerved altitude 
are as follow: 
Pirſt, The index error as before directed. 
1. Cccondly, The dip to be ſubtracted in the fore obſervation, and 
eto be added in the back obſervation. | | 
the Thirdly, Semi-diameter to be found in the nautical ephemeris for "rh 
every noon and midnight at Greenwich ; if very great accuracy 1$ 9 
ue required this ſemi- diameter muſt be corrected for the intermediate 71 
ich time: which being added to, or ſubtracted from, the obſer ved alti- 1 
ont tude, will give the apparent altitude of her centre. 4 
-. RE tourthly, Parallax and refraftion. The moon's horizontal paral- 4 
in; 7 X retraction moos iz ontal pa 1 
| lax for every noon and midnight at Greenwich, is to be found in the 15 
| nautical ephemeris. This muſt be corrected for the intermediate 4 
time; then take the proportional logarithm of the moon's horizon- "4 
| tal parallax out of the nautical almanac, increaſe its index by 10, * 
e and ſubtract the log. co- ſine of the moon's apparent altitude from 7 5 
ci; tlc ſun ; the remainder will be the proportional logarithm of her 14 
te barallax in altitude; from which take the moon's refraction, (table 4% 
| 5) and the remainder will be the correCtion of the moon's altitude, 61 
tio ich being added to her apparent altitude, will give the true alti- 44 
ee ede of her centre. a | 
ſu To take the Altitude of a Star by the Fore Ol ſervatia "1 
ah 5 tude of a Star by the Fore Obſervation. bY 
alti Set the index at O, and holding the plane of the quadrant verti- 14 
eah direct the tight to the ſtar, and at the ſame time look for the ; 
The | f U I'C- p 
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reflected image of the ſtar in the ſilvered part of the horizon glaſs 
move the index a little, which will ſeparate the reflected image from 
the direct image, the former will be eafily diſtinguithed from tir 
latter by its motion, when you ſtir the index; continue to advance 
the index, and at the ſame time follow the reflected image of the ſtar 
with your eye, directing the light lower and lower, and changin 
the poſition of the quadrant or octant, as the image of the ſtar (+. 
ſcends, till you have brought it down to the horizon, the index will 
then thew the obſerved altitude of the ſtar. The correCtions to he 
applied to the obſerved altitude of the ſtar are: Firſt, the Index Er. 
ror ; {ccondly, the Dip, theſe two give the apparent altitude; thirl- 
ly, the Refraction, which gives the true altitude; the fixed ſtar; 
have neither ſemi-diameter nor parallax worth notice. 

In taking the altitude of a ſtar, or the moon, by night, alway: 
get as near the water as poſſible, in caſy weather a grating may be 


1 3 * r 
r 


9 


— 


ung over the ſhip's ſide, and an obſerver fit upon it to take the al- the 
titudes ; the ſame may be done to take the altitude of the fun in an Wi"! 
hazy horizon; for the nearer the eye is to the ſurface of the water, Nes 
the nearer the true horizon will be to the cye. alu 
app 
AAcice to Seamen in the Cheice of their Juadranis or Sextants, Obe 
The joints of the frame muſt be cloſe without the leaſt opening Liſt: 
or looſeneſs, and the ivory on the arch and nonius inlaid and | 
fixed, ſo as not to riſe at the ends, nor above the plane of the inſtm. Ou! 
ment; all the diviſions on the arch and nonius muſt be exceeding B"*Y 
fine and ſtraight, fo that when the index or nonius is ſet to any d- able 
viſion on the arch, the diviſions on the line that coincides may ap- 
pear diſtinct, for only the firſt and laſt line on the nonius will con- * 
cite with the other lines upon the arch, if the quadrant is well d- 
vided ; likewiſe try in different parts of the arch, if the nonius, & T1; 
index plate, cuts regularly in order with thoſe on the arch, Hort 
they do not, the diviſions are bad, and the quadrant ought to dan. 
be rejected. our þ 
Again, look into the great ſpeculum or index-glaſs flant- way, bun 
holding it about ten or twelve inches from the eye, and obſerve tht 0170 
image of ſome diſtant object; if the image appears clear and diſtind e 
in every part of the glaſs, the ſpeculum is good; but if it appeal This 
notched, or drawn with {mall lines, the glaſs is veiny, and mult be "bon 
rejected: if more images than one of the ſame object are fern, H t 
ſhews that the two ſurfaces are not ground parallel; the other fee t 
culum may be examined in the ſame manner. the « 
Obſerve the ſun or a candle through the dark glaſſes ſeverall\o;-'., 
hottins the glafs about eight or ten inches from the eye; if they den js 


veiny the hject will appear notched at the edges, but if clear ne of 
2 . b. 
well dehned, the glaſſes are good. kult, 


ance; 
Mol 
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Moſt people prefer black ebony, on account of its weight; but 
* ve Sen by experience, that good mahogany takes the glue, 


Qui n like watches, may appear well to the eye, and yet be 


& good for little; it IS therefore much better to give two guineas and 


an half, or three guineas, for a good one, that will latt a man for 


- life, than purchaſe thole wretched inn made vp at a low 
E price, which cannot be depended on. 


Of the Dip and Ref action. 


The rays of light in paſſing through the atmoſphere are bent out 


c their ſtraight courſe into a curve line; and hence it happens that 
all the heavenly bodies, except when they are in the zenith, appear 


Mo 8 Then 


L higher than they ought to do, and ſo much the more the nearer et! ey 
are to the horizon. This apparent elevation of the heavenly bodies 


above their true height is called the refraction of objects; and the 


quantity or effect of it, according to the different e of ol. 
Liects, has been carefully obferved by eminent aſtronomers, and muſt 
lalwavs be ſubtracted from the apparent altitude, but added to the 


apparent zenith diſtance of an object with whatever inſtrument the 


obſervation is made, in order to obtain its true altitude or zenith 


lüſtance. 

That the corrections of obſerved altitudes of objects, both on ac- 
count of the dip of the horizon and the retraction of their light, 
may appear at one view, they are both exhibited together in the 


ables. 


Wis an Obſervation, or to find i'e Latitude of a Place, by the Tabics, 
of the Sun or Stars Declination and the Zenith Diſtance. 


The latitude of any place is its diſtance from the equator, either 
jon or jouth, counted in degrees, &c. upon an arch of the me- 
Wan, contained between the zenith, or that point directly over 
ur head and the equator. It can never exceed 90 degrees, and 
ound by taking the altitude or height of the ſun or ſtar above the 
orizon of the fea with a quadrant, when on the meridian or due 
nh or ſouth of the place of obſervation. 
This meridian altitude, corrected tor dip of the horizon, and re- 
ion, and 16 minutes the ſun's ſemi-diameter added thereto, 
ics the altitude of his centre, which being ſubtracted from go*, 
es the zenith diſtance or the number of degrees, &c. the centre 
* Sex dh is from the point over your head; with which, and 
ing how far the object is to the north or Bach of the equator, 
ach is called declination, the latitude is found by the meridian al- 
Ke of any celeſtial ob. ject as follows: 
it, If the ſun or ſtar be fouth when obſerved, call the zenith 


aice touth ; but if north. call it north. 


n 
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Then if the zenith diſtance and declination be of contrary names 
that is, if the ſun or ſtar comes to the meridian in the north, and 
hath fouth declination, or to the ſouth, and hath north declim— 
tion, the zenith diſtance, added to the declination, gives the lati. 
tude of the place of obſervation ; and of the ſame name the deci. 
nation is of, whether north or ſouth. 

Secondly, When the zenith diſtance and declination are of the 
fame name; that is, when the ſun or ſtar comes to the meridian 
in the north, and hath north declination ; or to the ſouth and hath 
ſouth declination, ſubtract the leſſer from the greater, and the te 
mainder is the latitude ; and to know whether it is north or ſouth, 
to obſerve this general rule : 

W hen the declination is greater than the zenith diſtance, the 
latitude is of the ſame name with declination ; but it leſs, of a con- 
trary name. 

Nor. Firſt, When the ſun or ſtar is on the equator, or hach 
declination, the zenith diſtance is the latitude of the place, and & | 
a contrary name to the zenith diſtance. 

Secondly, When the ſun or ſtar is in the zenith, the declint- 
tion is the latitude, and of the fame name as the declination is of, 
For it is evident, that as they are cqually diitant from the equator, 
and on the fame fide of it; conſequently if the declination be norm, 
the latitude will be alto north, and it ſouth, ſouth. 


AML. 1. and 18. 


Being at fea May 27, 1790, the 
ſun's meridian alt. was tound to 
be 5729 35%, and it was ſouth of me, 
what latitude was I in? 


90% o 
Meridian altitude 1 If 
Zenith diſtance = 32 288. 


Sun's decli.in table tor | — a 


May 27, 1s 


Latitude in _ 83 . 


ExameLe III. 

Being at fea January 14, 1796, 
the ſun's mer. altitude was found 
72 15” ſouth, what was the lati- 
tude of the place of oblervation ? 


9oꝰ oo 
Meridian altitude 7 17 
Zenith diſtance = 17 438. 
Sun's decli. Jan. 14, is 21 188. 
Latitude in = 35 8. 


In this caſe, it is plain the obſer- 
ver was between the 1un and the 
6nator. 


Being at fea 24th July, 1796, 
meridian altitude of the fun ww 
27 13“ being the north of me, . 
quired the latitude in? 


Meridian altitude = 27 13% 
Zenith diſtance — % od 
Sun any One 10 4 
Latitude in = 7 oc 


 Examele IV. 

Being at ſea the 4th of Mit 
1796, 1 obſerved the bright 
Fomalhaut 279 21” above the hol. 
zon of the fea, and it was ſouth © 
me, required the latitude in ? 


9 ＋ P 0 1 . 4 4 al a 
6 „ TY PIES 0 Y 4 9 
* RS * 2 j wn by et W ä — 


0? oo 
Meridian altitude 27 21 
— 
Zeuith diſtance 62 395 
Fomalhaut's decl, 30 4» 
— 


Latitude in = 


OF HADLEY'S QUADRANT. 


157 


Nor. The declination here is fitted to the year 1796. 

The foregoing rules are for oblerving by the fun or ſtars when 
they are at the greateſt altitudes, or upon the meridian above the 
pole, but as in ſome parts of the earth, the fun does not ſet for ſe- 
veral days, and ſome ſtars never let, in that cafe they may be oh- 
ſerved upon the meridian twice in 24 hours ; that 1s, once at their 
greateſt height as before, and again when they are at their loweſt or 
upon the meridian below the pole, to work which obſervations, 


take the following 


Z RuLE. Add the complement of the declination to the meridian 
Ss altitude, the ſum is the latitude of the ſame name with the decii- 
nation. 


1 EXAMPLE V. 


At ſea I took the altitude of the north pole ſtar, when on the 


tude * 
Meridian altitude 
Compl. declination 


The latitudein 


are introduced : 


almanac. 


ExamPLE VI. 
= By a fore obſervation, the alt. of 
the ſun's lower limb was found by 

Hadley's Quadrant to be 40® 20' 5. 
when his declination was 9? 56' N. 
the eye being zo feet above the ho- 
rizon; required the latitude of the 
place? 

Obſ. alt. ſun's lower edge 4020 
demi- diameter to be added 16 


App. alt. ſun's centre 40 36 
Dp of ho. to be ſubtracted og | 


App. alt. corrected by dip 40 31 
Retraction to deſuberncten 4 


1 

ä 6 * * Y io Le tt 8 * 4 

9 * has R 8 I 9 9 + ih OT Fees Py 
> P 


True alt, of ſun's centre 40 JO | 


— U U— — — — | 


398 oo aſtance 49 30 8. 
4280 celinatlon 9 56N. 


Latitude 59 26N. | 


meridian below the pole, and found it 46” 217; required the lati- 


409 21'N. 
I 47 N. 


In the following examples the correCtions for dip and refraction 


Norte. As all the calculations are for 1796, thoſe that teach by 
this book, will do well to furniſh themiclves in time with the above 


ExameLE VIII. 
Suppoſe the eye of an obſerver at 
35 tcet above the water ſhould with 
Hadley*s Quadrant, by a fore ob- 


ſervation, find the alt. of Sirius 53 


355. when it paſſed the meridian, 
having before hand ſet his watch, 
and found the time of Sirius pas- 
ſage ; required the latitude of the 
place of obſervation? 

Obſ. alt. of Sirius 53 35“ of 
Dip. of hor. to be ſubt. og 39 


” 


— 


— 


App. alt, above hor. 53 29 21 
Retracuon to be ſubt. 42 


— 


1 


True alt. of Sirius 53 28 39 


True zenith diſtance 30 31 218. 
Sirius's declination 16 26 478. 


——— — 


Latitude 20 04 34 N. 
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Semi- diam. to be ſubtracted 16 
App. alt. ſun's centre 24 $6 
Dip of hor. to be added 06 


App. alt. correct by the dip a5 02 


Refraction to be ſubtracted o©2 
True alt. ſun's centre 25 00 
True zenith diſtance 65 00 8. 
Declination 21148. 
Latitude 43 406 N. 


OF THE VARIATION OF THE COMPASS. 


HE variation of the compaſs is an arch of the horizon cob 
tained between the meridian of the place and the magnet 
meridian, and is either eaſt or weſt; or it isthe number of degrees 
&c. the needlc's point ſtands from the true north or ſouth point 


OF THE VARIATION OF THE COMPASS, 


Examere VII. | 
By a back obſervation with Had- 
ley's Quadrant, the app. alt. of the 
ſun's lower edge was 259 12'5, 
when his declination was 21 14'S. 
and the eye 40 feet above the hort- 
zon, in what latitude was the ob- 
ſervation made ? 
Obſ. alt, ſun's lower edge 259 12'5, 


App. alt. ſun's lower limb 
Semi-diameter added 


App. alt. ſun's centre 
Dip horizon ſubtracted 


Sun's alt. corrected by dip 
Re fraction to be ſubtracted 


True alt. of ſun's centre 
Complement ſun's declination 


Latitude in 


London, 


EXA MY LEH IX. 

Suppoſe on the 12th June, 1% 
an obſerver in an high northern], 
and 65% weſt of London, his cye hy, 
ing 28 feet high, obſerved the a. 
ot the ſun's lower limb on the me. 
ridian below the pole to be 8* 17%, 
by a fore obſervation with Hadley; 
Quadrant - required the latitude? 

Ihe ſun being obſerved below thy 
pole, it muſt have been at 12 hour 
paſt noon at the place of obſery# 
tion, and that place being 66%, ( 
London 4 hours 20 later than 
therefore it muſt hav 
been 16h. 20/ paſt noon at London, 

* June 12, 1700, the ſun's decline 
tion 23 13' 46” the daily variation 
is 3' 12”: and as 24h. 3' 12” :: 16h, 
207: 21117 which added to 25 11, 
46” (becauſe the declination is h. 
crealing) gives 239 16, the (ut's 
declination at the time and place d 
obſervation nearly, 


8˙ 168. 
16 

8 31 
O5 

8 26 
06 

8 208. 

66 44 N. 

75 04N. 

— 


— 


* Sce Nautical Almanac for 1796. 
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eme horizon, reckoned to the eaſtward or weſtward, and is 


W cadily found cither from the ſun's amplitude or azimuth. 


Wor welt points of the horizon. 


aſs in the following manner: 


amplitude. 


1 
1 


Is to radius, 


ther north or ſouth. 


hetrue amplitude. 


uſpection. 


ne true amplitude ? 


ne com. lat. 519 32 8 
ge bes 
0 15 fl. 's. dec. 100 43'S. 9,26940 


0 ſi, of true amp. 12 24 97475357 


To find the true Amplitude. 


The ſun's true amplitude is an arch of the horizon compre- 
ended between the true eaſt or weſt points thereof, and the centre 
the ſun at its riſing or ſetting ; or it is the number of degrees, 

Ke. the ſun riſes or ſets to the northward or ſouthward of the eaſt 


Tue ſun's magnetic amplitude is the numher of degrees, &c. the 
centre is northward or ſouthward of the eaſt or weſt points of the 


WEcompaſs at his riſing or ſetting, and is found with an azimuth com- 


Having placed the azimuth compaſs in a convenient part of the 
Whip, look directly through the ſight vanes at the ſun's centre; and 
ben the ſun's lower edge juſt touches the horizon, ſtop the card, 
Wy a top which is placed on the compaſs for that purpoſe ; then the 
Wc uantity of degrees and minutes contained between the eaſt or welt, 
ad the north and ſouth points of the compals, will be the magnetic 


Ihe true amplitude is found either by inſpeCtion in the tables 
Wo! the ſun's amplitude, or by calculation as follows: 


RULE. As the ſine complement of the latitude 


So is the fine of the ſun or ſtar's declination 
To the fine of the true amplitude; 


Which is always of the ſame name with the declination, whe- 


Or, to the ſecant of the latitude, (rejecting the index) add the 
og. fine of the ſun's declination, the ſum will be the log. ſine of 


Nor. The arithmetical complement of the co-ſine of any arch 
always equal to the ſecant of that arch, throwing away radius, 
4 neglecting one, which ſtands the firſt figure in the ſecant's in- 
Pex; likewiſe the arithmetical complement of the ſine of any 
ch, is the co-ſecant of that arch leſs radius, or the firſt figure 
is index: Wherefore, the arithmetical complement of the 
ne or co-ſine of any arch is found in the table of ſecants by 


| EX AMPLE: 
On the 20th of October, 1796, in latitude 51 32“ N.; I demand 


Or thus : 
Lat. 519 32' N. ſecant o, 20617 
Decl. 10 43 S. log. fine 9, 26940 


True amp. 17 248. 947557 
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E XA MF L E II. 


In latitude 38 25 N. what is the ſun's true amplitude when th; 
declination is 185 59' N.? 


As line com, lat. 389 25” 9, 89 405 Or thus: 
Is to radius 10,00000 | Lat. 387 25“ N. ſecunt 0, 10;9 
So is 1un's decl, 18,59 y,51227 | Decl. 18 50 N. log. fine 9,124 


To ſun's true amp. 2432“ 9, 61822 Log. ſine 24 32 true am. N. 9, ihn 


To find the true Amplitude by the Table of Amplitudes. 


Look for the given declination at the top of the table, and the 
latitude in the firit column on the left hand, in the common ang 
of meeting, will be the degrees and minutes of the amplituk 
required, 


EN AMT IL. E I. 


In latitude 40 N. when the declination was 177 N. required ti 
ſun's true amplitude at riling; 

U nder declination 19, and right againſt the latitude 40%, ſtant 
22” 20' the true amplitude, and is to be counted from the eaſt t. 
wards the north, becauſc it is at the ſun's riſing, and the declins 
tion is north ; that i is, E. 229 26 N. 

But when the latitude is given in degrees, and the declination" 
degrees and minutes, find the declin. at the top as, before, and th 
neareſt degrees to the given latitude in the left hand column, agai 
which, and under the given declin. ſtands the true amplitat 
or, if the minutes of the declination be near 30, or halt a def 
find the amplitude for the given degrees of declination, and ti 
amplitude for one degree above it, and theſe two amplitudes i. 
gether, half their ſum will be the true amplitude, ſufficiently em 
tor practice at ſea. 


LE XA AMPLE, H. 


Suppoſe I would know the ſun's true amplitude at his fetting! 
latitude 57, his declination being 17 338. 
Find the aol. as before for the nich will b { 20⁰ 29 

Lat. 57*, and the deciinations 244 2} — . 


—— — 


Their ſum 42 

i — 

Half the ſum 21 2) 

the true amplitude; that is, W. 217 277 S. becauſe at ſun ſettih 
and the declination ſouth, In like manner, if the declination! 
in degrees, and the latitude in degrees and minutes, as in 


EXAMP- 
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EXAMPLE III. 


WW Suppoſe it were required to find the ſun's true amplitude at ſct- 
W ting in latitude 49% 27/, when his declination was 21® N. 

| Now 27 minutes being nearly half a degree, therefore, 

For lat. 49% and declination 219] 33% 0 

For lat. 50 J the amplitudes are J 33 52 


Sum 66 58 


| Half the ſum is 33 29, the true amplitude re- 
W quired ; that is, W. 33? 29 N. becauſe the fun was ſetting, and the 
W dcclination N. 

= When the latitude and declination are both given in degrees and 
W minutcs, take the neareſt degrees to both, unleſs they are near 
_ 5 minutes, as obſerved before, and find the amplitude as in 


Example J. | 
| EXAMPLE IV. | 

Suppoſe it were required to find the ſun's true araplitude at ſetting, 
in latitude 495 18', his declination being 19? 41' N. 

Now as the latitude is neareſt to 499, and the declination neareſt 
20, therefore againſt latitude 499 and under declination 20", ſtands 
31" 25 N. the true amplitude; that is, W. 31? 25' N. the decli- 
nation being north, and at the ſun's ſetting. 


nt 

th To find the true Azimuth. 

4 The true azimuth is an arch of the horizon, contained between 
4 the meridian of the place and the azimuth circle, paſſing through 
1 the centre of the ſun or ſtar at the time of obſervation ; or it is the 


vue diſtance of the ſun or ſtar from the true north and ſouth points 
ot the compaſs. 
The magnetic azimuth is an arch of the horizon contained be- 
tween the magnetic meridian and the azimuth circle, paſſing through 
the centre of the ſun or ſtar when obſerved ; or it is the apparent 
diſtance of the ſun or ſtar from the north or ſouth points of the 
compals, either in the forenoon or in the afternoon, when they are 
5, 10), 15 „ &c. above the horizon; and the leſs the altitude is, the 
more exact you may perform the obſervation. 
Ihe magnetic azimuth is found by the compaſs in the following 
w_— manner : 
Place the compaſs in a convenient part of the ſhip; then 
nove it ſo that the fights may be directed to the ſun's centre; 
and the ſhadow of the ſtring will fall directly on the line 
marked on the plane which join the ſights; then the deegree, 
Sc. in the arch intercepted between the end of the index, and 
north point of the card, will give the magnetic azimuth required. 
the ſun does not ſhine ſrrong enough to give 2 {trong ſhadow, 
0 * "On 
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look through one of the ſights, and move the compaſs till one q 
the ſtrings cuts the ſun's centre, and then the intercepted arch, 
as before, ſhews the ſun's azimuth, and the like of the ſtar's, 
| | When there is a rough ſea, the obſervation is beſt made by ty 
| perſons, and if the card vibrates much take the middle degree between 
the limits which the vibration reaches. | 
When the azimuth is obſerved, the altitude of the object nul 
be obſcrved at the ſame time. 
4 Having the latitude of the place of obſervation, and the ſun 
| ſtar's declination with the altitude at the time of obſervation, th 
| true azimuth is found as follows : 
| To find the true azimuth, obferve theſe general rules: 


i U 
| Add the complement of the latitude, 
the complement of the altitude, 
and the fun or ſtar's polar diſtance into one ſum ? 

From half this ſum, ſubtract the polar diſtance, 

aud note the half-ſum and the remainder, 
Then add together 

The arithmetical comp. of the log. co- ſine of the latitude, 

The arithmetical comp. of the log. co-line of the altitude, 

The log. fine of the half-ſum, 

And the log. ſine of the remainder into one ſum. 

Half the ſum of theſe four logarithms, will give the log. co-{ie 
of half the true azimuth, which being doubled, gives the true ati 
muth, reckoned from the north in north latitude, and from tle 
ſouth in ſouth latitude. 

Or thus : 
Add together 


The log. co-ſecant of the comp. latitude, ä : 
The — co- ſecant of the comp. altitude, | Rejecting the inder 
The log. ſine of the halt-ſum, 

And the log. ſine of the remainder, into one ſum ; 

Half the fum of theſe four logarithms, will be the log. co-fine of 
the half of the true azimuth. | 

N. B. The polar diſtance of the ſun or ſtar, is their diſtance fron 

the neareſt, or elevated pole, and if the latitude of the place, 1 

the declination of the ſun or ſtar, be both north, or both ſouth 

then the complement of the declination is the polar diſtance ; i! 

if the latitude and declination be one north, and the other fout 

the declination added to go? gives the polar diſtance. 
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EXAMPLE I. 


F In latitude 51 32' N. the ſun's altitude was obſerved to be 30 28', 
is declination being then 169 37' N.; required the true azimuth? 
3 9 o 90 00 90? oo 

Aautude cr 32 N. Altitude 39 28 Declination 16 37 N. 


F 


> > 50 32 Polar diſt, 73 23 


coat. 38 28 Ar. co-ſine o, 20613 
Co-alt. 50 32 Ar. co- fine o, 11239 
Polar diſt. 73 23 


Sum 162 23 


6 3 Sum 81 11 Log. fine 9, 99484 
WY olar at. 73 23 


WR cmainder | 7 48 Log. fine , 13263 


\m———_— 


19, 44603 


Log. co-ſi. 58%06' 9,72301 
2 


— 
— — 


— — —— 


True azimuth 116 12 from the north. 


EXAMPLE II. Worked by the ſecond method. 


In latitude 425 16 N. the ſun's altitude was obſerved to be 
18* 40 his declination being then 7* 38“ S.; required the true 
Wimuth ? | 
. oo WE at go? 09 

Latitude 42 16 N. Altitude 18 40 Declination 7 388. 


de Co-alt, 71 20 97 38 


Mos «64 os; 
ECo-alt, 71 20 Co-ſecant o, o2347 
polar diſt, 97 38 


4 dum 216 42 

4 — 

uth Sum 108 21 Log. ſine 9, 

but i Polar dit. g7 38 5 9797733 


demainder 10 43 Log. fine 9, 26940 


—— —— 


— 


Sum 109, 40096 85 


2 Sum log. co- ſi. 59. 53 = 9, 70048 
- DES. — 


Pu 


True azimuth 119 46 from the north, 
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The following queſtions are ſet down for the Learner's exerciſe. 


Bueftion I. Being at ſea, in latitude 400 380 N. in the afternoy; 
the ſun's altitude was obſerved to be 20% 46“, when his deli. 
nation was 17* 10'S. ; what was the ſun's azimuth at that time! 
Anſwer. 137% 50 from the north. 
Queſt. II. What is the ſun's true azimuth in lat, 26® 30' N. i 
the forenoon, when his altitude is 24“ 28', and his declination 
229 40 north? 
Anſ. 15% 44 from the north point of the compaſs. 
Quest, III. At the ifland of St, Helena, the ſun's altitude wy 
obſerved to be 30* 22' in the forenoon, his declination being then 
22 58“ S.; required the azimuth at that time? 
Anſ. 729 200 from the ſouth, or 10) 34' from the north. 
Queſt. IV. What point of the 3 does the ſtar Aldebaran 
bear on, at the Cape of Good Hope, when its altitude is 229 25 
Anſ. 130” 8“ from the ſouth, or 49? 52' from the north. 
Having found the ſun's true amplitude, or azimuth, by the pre- 
ceding methods, &c. magnetic amplitude or azimuth by obſer 
tion, it is evident, that when they agree there is no variation; 
but when they diſagree, then, if the true and obſerved amplitude 
be both of the ſane name, that is, both north or both ſouth, their 
difference is the variation ; but if the true and obſerved amplitude 
be of different names, that is, one north and the other ſouth, their 
ſum is the variation, Again, if the true and obſerved azimuth 
be both on the eaſt, or both on the weſt fide of the meridian, their 
difference is the variation; but if the true and obſerved azimuth 
be one on the eaſt and one on the weſt fide of the meridian, ther 
fam gives the variation; and to know whether the variation h 
— or weſterly, obſerve this general 


RULE. 


Let the obſerver's face he turned to the ſun ; then, if the trit 
amplitude or azimuth be to the right hand of the magnetic, or 0b 
ſerved, the variation is eaſterly ; but if to the left hand, weſterly. 


EXAMPLE I. 


Suppoſe the ſun's magnetic amplitude at riſing is found to be 
26» 12 N. but the true is found to be E. 14 20' N. zgequired tht 
variation? 


From the greater F.. 269 12'N. 
Take the leſſer E. 14 20 N. 


Remains the variation 11 52 E. 


— —— a 


Whid 
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= Which is eaſterly, becauſe in this caſe the true amplitude is to 
we right of the obſerved. 


8 


With the chord of 60 deſcribe a circle to repreſent the com- 
paß, through which draw the north, ſouth, eaſt and weſt lines; 
take the amplitude at riſing, 26 12“ from the line of 
chords, and ſetting it from E. towards N. and likewiſe the true 
amplitude 14 20', and ſet it from E. towards N. as before, the 
difference of theſe two angles, or between the true and mag- 
netic amplitudes, viz, 11* 52 is the variation. Now ſuppoſe your- 
| ſelf placed at the centre of the horizon, repreſented by the compaſs, 
and looking towards the magnetic amplitude at the ſun's riſing, 
it is plain that the true amplitude found by calculation is to- 


is 11 52' E. and muſt be allowed to the right hand in all courſes 
ſteered, before they can be put in the Traverſe Table or bearings, 
taken by the compaſs. 


EXAMPLE II. — 
Suppoſe the ſun's true amplitude at ſetting be W. 34 26 S. and 
his magnetic amplitude W. 24 13' S. required the variation, ſince 
they are both of the ſame name ? 


From the greater W. 34 268. 
Take the leſſer | W.23 139. 


Remains the variation 11 13W, 


Which is weſterly, becauſe the true amplitude is to the left of 


e obſeryed in this caſe, E 
XAMPLE 


| wards the right hand of the obſerved, which ſhews the variation, 
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ExameLE III. 
Suppoſe the true azi- 
muth 84 4&'W. 
The mag. az- 101 15 W. vi 


Variation 16 35 E. 


* Let N. E. S. and W. repreſent the horizon, C, D, F, 
an azimuth circle, paſſing through the ſun's centre; now an ob- 
ſerver placed at the centre, will ſee the ſun at riſing in the line 
1. but when he gets a greater altitude, and arrives at E, he wil 
fee the ſan in the line © 2, and as the ſun alters its altitude, wil 
be feen in the lines O3, O4, ©5, at length will arrive at is 
mendian Z, S. and the figures 2, 3, 4, 5, will repreſent the mag- 
netic azimuth ; the difference between theſe and the true azimuth | 
found by calculation is the variation. 


Exaners IV. | ExamPrt V. 


Suppoſe the ſun's true ampli- Suppoſe the ſun's true azimuth 
tude at rifing is E. 2 24 N. and | in the forenoon is N. 86 40/ caſter. 
his magnetic amplitude E. 12 32'S. | ly, but by the compaſs it is N. 73˙ 24 
required the variation, and which | eaſterly; required the variation, 


wax? | and which way ? | 2: 
Since the true amplitude and ob- Since the true and obſerved a be 
ferred have different names, | muths are both on the ſame fide df * 


Ts the true amplitude E. 13*24'N. | the meridian, 
Add the magnetic am. E. 12 32 S. | From the greater N. 86 zo 


. ; ; Take the leſſer N. 73 246 ye 
The fum is the variation 25 56W, co 
9 — | Remainder variation 13 16k | 


—_— 
Which is weſterly, becauſe the Which is eaſterly, becauſe tht 

true amplitude is to the left of the | true azimuth is to the right of 

bier ved. obſerved. 


Ex AMPLE 
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Kxanyein VI. Examerts VII. 


Suppoſe the ſun's true azimuth is Suppoſe the ſun's true azimuth 
N. 2028 eaſterly, and his mag- 8. 17% 45 E. and the magne- 
netic azimuth N. 89 go' weſt; re- | tic azimuth S. 5? 48“ welt, re- 
quired the variation, and which | quired the variation, and which 


way ? way? ; 
&nce they are on the different Since they are on different ſides of 
ſides of the meridian, the meridian, 


o the true azimuth N. 32% 28'E. | To the true azimuth S. 17* 45% E. 
Add the mag. azim. N. 8 goW. Add the obſerved az. S. g 48W., 


3 


um is the variation 41 19 E. Sum is the variation 23 3 w. 


— — 


— 


Which ig eaſterly, becauſe the Which is weſt, becauſe the true 
true azimuth is to the right of the | azunuth is to the left of the ob- 
8 ſerved. ſerved, | 


The uſe of the variation is to correct the courſe ſteered by the com- 
paſs; when the variation is eaſt, it muſt be allowed to the right 
hand upon every courſe ſteered quite round the compaſs ; but when 
the variation is weſt, to the left hand. 
| NorE. The variation may be eafily found by taking the ſun's 
altitude in the morning, and obſerving what point of the compaſs 
be bears upon; and in the afternoon when the altitude is the ſame, 
the middle point will be the true meridian, the difference between 
which and the north or ſouth points of the compaſs is the variation. 
If the altitudes are taken at 5, G, or 7 o'clock in the morning, yoo 
vill have the ſame altitude at 5, 6, or 7 o'clock in the evening, being 
equally diſtant from noon. 

The variation of the compaſs was firſt obſerved at London, in the 
year 1580, to be 119 15 eaſterly; and in the year 1622, it was 
6" o E. ſtill decreaſing, and the needle approaching the true me- 
ridian, until it coincided with it in the year 1662, ſince that time 
the variation ſtill continues at London to increaſe weſterly, at the 
rate of about 11 or 12 minutes every year; and is at this time about 
23 zo weſterly, and in the Engliſh channel about 25? 30 weſterly ; 
but how far it will go that way, time and obſervations will probably 
be the only means to difcover. 


. The variation at Paris in the year 1640, was 3 E. but in the 
4E year 1081 it was 2 21 W. and is now about 22 20' weſterly, ſtill 
continuing to go weſterly. 


In ſhort, from obſervations made in different parts of the world, 
t appears, that in different places the variation differs, both as to 
its quantity and denomination, it being eaſt in one place, and weſt 
n another; the true cauſe and theory of which has not yet been, 
diſcovered, and therefore in long voyages it is abſolutely neceſſary 
that the mariner ſhould find the variation of the compaſs by obſer- 


ation as often as poſſible, 
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trate into the bowels of the earth, to diſcover this wonderful phe. 


me, that his theory did not reach thoſe iſlands which they di. 


its centre, then draw them aſunder alon 


ncedle's end; by a circular motion bring 
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One Manus, a ſhepherd, firſt diſcovered the wonderful poye; 
of the loadſtone, that gives polarity to the needle, by its ſticking ty 
the iron of his ſandals ; whence the name of Magnet was given b 
the ſtone, or magnetic needle. Gio, of Naples, about 300 yem 
ago, firſt diſcovered that a piece of iron rubbed on it, and then ſuſ. 
pended, had the property of pointing to the north and ſouth, and 
thence applied to Navigation. An author of ſome degree of poyy. 
larity, who has drawn a variation chart, ſays, he has found out th: 
theory of the variation of the magnetic needle, without favouring 
the world with the principles; if his genius has been able to pene. 


nomenon, it is more than Sir Isaac Newrton's, or Dr. HaLtzy; 
could do; however, his veracity may well be doubted, as Mr, 
WaALs, who accompanied Captain Cook round the world, toll 


covered. 
How to touch the Compaſs Needles. 


Having two ſtrong magnetical bars, lay the compaſs needle x 
nearly north and ſouth as you can, with the intended north north- 
wards, join the two magnets in a line, conſiderably above the 
needle, the north end of each being northward, and bring then 
down upon the needle, ſo that the place of junction may be ove 

g bach half of the needle 

and continue their motion till they are 1 * inches clear of the 
em again to the cent 

and join them as before; repeat this operation fix or ſeven tima 
taking care not to put the magnets out of their paralleliſm, ant 


the needle will be ſufficiently magnetical. 


| 
| 
| 
| 
| 
| 
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TE METHOD or KEEPING A 


SHIP's RECKONING or JOURNAL ar SE 


— CCCCSCCEY 
o 


BY keeping a Ship's Reckoning or Journal, is meant keepilf 
ſuch an account of the ſhip's way, that the mariner may K 
able at any time to aſcertain the latitude and longitude the ſhip f 
it therefore ſhould be the great concern of every perſon who ta 
upon them the navigating of ſhips to remote parts, to be exp 
therein, as the lives and fortunes of ſo many men are committed! 
their charge. 1 
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= When a ſhipis bound from one place to another, which lies ſo 
dar trom her, that ſhe is obliged to go out of fight of land for any 
E conſiderable time, as from England to Jamaica; at the time of her 

leaving fight of land, ſhe is ſaid to take her departure, and that 
part of the land ſhe then leaves, is ſaid to be the place the takes her 
departure from; ſuch as the Land's-end, Lizard, &c. and at 
the time of taking ſuch departure, the captain or mate generally 
takes the bearing and diſtance of that land (according to his judg- 
ment) and ſets it down on the log-board, or in the log-book 
© againſt the time it was taken, thus, Land's-end N. N. E. diſt. 7 
leagues, or Lizard N. by W. diſt. 5 leagues, &c. | 
In the ſame manner may the departure from any place be taken, 


the log-book is marked in columns for hours, knots, fathoms, 
courſes, winds, leeway, tranſactions ; and under it the columns for 
W courſes, diſtances, northings, or ſouthings, eaſtings, or weſtings, 
the latitude by dead reckoning, latitude by obſervation, meridian 


W ing and diſtance of the land. 
Notice muſt be taken, that in the column for courſe, you are al- 
ways to ſet down the courſe you have made by your reckoning for 
that twenty-four hours; that is, from the noon of the day before 
to the noon of the day you work on, the {ea account being always 
kept from noon to noon. 

Dead reckoning is that account deduced from occurrences whict 
are written on the log-board. 

In the columns 157 diſtance you are to ſet down the diſtance 
made by your reckoning for that twenty-four hours. 
In the columns of northing and ſouthing, you are to ſet down 
che difference of latitude made in that twenty-four hours, marking 

the column with north, if the difference of latitude be north ; and 
E louth, if ſouth. | | 
In the column of eaſting or weſting you are to ſet down the de- 
parture made that 24 hours, marking the column with eaſt, if the 
departure be eaſt, and with weſt, if weſterly. | 

In the column marked latitude by D. R. you are to ſet down the 
latitude you reckon yourſelf in on that day; and in the column 
matked lat. by ob. you are to ſet down the latitude found by ob- 
E ſervation ; alſo the difference of longitude made in the 24 hours 


marked long. in; and in the laſt, the bearing and diſtance from 

pig the land. 

| The variation, if any, muſt be allowed upon all courſes ſteer- 

18 10; ed, and upon all bearings that are taken by the compals ; that is, 

tale wit be eaſterly variation, it muſt be allowed the right hand, if 

exp! BN "'*itcrly, to the left of the courſe or bearing. Suppoſing your- 
| te! 


as may be ſeen in the firit day's log of the following journal, where 


— — - 


: [es 4 I r * 
— . AS. Ot a a= : < — == 7 - =— 
AE . WA nf 


D = 


— IR In 


_—_ 4 


— — — — — 2 — 


e 
— „ 


e ) 
x 1 


© | diſtance, difference of longitude, longitude in, and in the laſt, bear - 


in the column marked diff, long. ; the longitude in, in the column. 


- Ly ot 7 
3 


170 THE METHOD OF 


ſelf placed in the centre of the compaſs, and looking directly fox. 
ward to the point you are to allow the variation upon. 


EXAMPLE. 


Suppoſe I Reer S. W. and there is one point weſterly variation, 
the!1 my true courſe is S. W. by S; or ſuppoſe I ſet a point of land, 
and find it to bear by the compatls E. S. E. and I know there is half 
a point eaſterly variation, then the true bearing is S. E. by E. Ak. 

Leeway mult be allowed upon all courſes ſteered, which is the 
difference between the point which the ſhip endeavours to ſail upon, 
and the point ſhe really fails upon, and is cauſed by the force of the 
wind or ſurge of the fea, when the is clote hauled or plying v 
windward, which makes her fall off and glide ſide-ways from the 
point of the compaſs ſhe capes at, and maſt-be allowed to be on 
the right hand of the courſe ſteered when the larboard tacks are on WW + 
board, and to the left hand when the ſtarboard tacks arc on bond. 
The allowances that are generally made are as follow : 

1ſt. When a ſhip is cloſe hauled, if all her fails be ſet, the wa 
ter fmooth, and a moderate gale of wind, ſhe is then ſuppoſed v 
make little or no leeway. 


2dly. The ſhip being upon a wind, and the fmall fails in, alloy 


. = = o _ A a = 


FLAT ER 
4 . 
— 


one point for leeway. 
3dly. The wind blowing hard, ſo as to cauſe one top- ſail to be u- 
ken in, allow two points for leeway. 


— —— — an awwat ec _ .< t-O Mos 


4thly. When it blows fo hard that both top-fails are taken in, 
and the ſea runs high, allow then three points tor leeway. 
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certaintj; 


# 5thly. The fore-ſail being furled, and the ſhip tries under! | © 
1 main-ſail and mizen, allow four points for leeway ; for ſhe then | a 
1 makes her way about four points before the beam, as the fea phrak | © 
we . IS. 0 
Ei oy; When the ſhip tries under the main fail only, ſhe then t 
ES. makes her way about three points before the beam, that is, allo WF b 
3.0 near five points leeway. | 
3 7thly. If the ſliip tries under the mizen only, the way is abort ce 
=. two points before the beam; that is, allow fix points for her le- ; 
wes Way. Ot 
T4 . thly. When ſhe lies a hull, that is, with all her ſails furled, ber Wt 
1 | way is one point before the beam, and then ſeven points is MK - 
BE. leeway. = 
wu gthly. When a ſhip is lying-to under a main-fail, mizen, «© Wl bl 
+1 | then obſerve how ſhe comes up and falls off, and take the midd* W. 

1 between the two points, and from that allow the leeway and i: 

; | 4 | riation. is 

F , Nork. In all caſes, reſpe& muſt be had to the ſmoothneſs of the ( 
"vl water, or to the ſea's running high, the mould and trim of the co 

{1 ſhip, and then the allowances may be aſcertained with the great 1 


l, 
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eertainty, by ſetting the ſhip's wake by a compaſs placed on each 
rail of the ſhip's quarter, which is uſually ſet there for that pur- 


ſe. 
For it is well known, that ſome ſhips, with the ſame quantity of 


b ſail, and with the ſame gale, will make more or leſs leeway than 


others; and alſo the ſame ſhip when ſhe is out of her trim, or dif- 


+ ferently loaded, will make ditterent leeways : for it is obſervable, 
that the more water a ſhip draws, the leſs leeway ſhe makes; be- 


cauſe ſhe then meets with a greater reſiſtance in ſplitting the water 


© with her fide, than otherwiſe the would. 


The leeway may be eaſily found by the azimuth compaſs, by 


3 turning the inſtrument about until you ſee the wake of the ſhip 


either over the ſights, or parallel to them; then the point of the 


© card, which is cut by the vertical line in the box, which is nearett 


to vou, is the true courſe ; the difference between that and the 


W courſe given by the compaſs in the bittacle, is the leeway required, 
which ought to be accordingly entered upon the log-board, 


There is another way of finding the leeway, by fixing a com- 


W paſs cut in lead (or in other metal) on the poop, or ſome other con- 
venient part of the ſhip's ſtern, with the meridian parallel to the 
& ſhip's fide, and in the centre a pin is fixed, to which is faſtened a 
W ſmall line of a good length, with a piece of wood at the end of it, 
tat it may be dragged after the ſhip. The point or degree cut by 
W this line will ſhew the leeway ; if it cuts the meridian, the ſhip 
makes no leeway ; but if it does not, the difference between the me- 
ridian and where it cuts is the leeway. 


By ſome of t!!2 above methods, the leeway (if there be any) 


W ought to be carefully obſerved as often as may be judged neceſſary; 
and theſe obſervations ſhould be punctually ſet down by the officer 
of the reſpective watch; at leaſt, if no obſervation be made, he 
W ought to ſet down the leeway according to his judgment once or 
& twice in the watch, and by this means the courſe made good may 
be found to a much greater certainty and exaCtneſs than by the 


common method of allowing for leeway, when the day's account 


comes to be worked (which is generally once in 24 hours); for 


an obſer vation muſt certainly be better than any gueſs. But if no 
obſervation be made, the perſon who 1s upon deck, and has the 


| care of the watch, is better able to make proper allowances, while 
things are freſh in his memory, and while he is an eye-witneſs of 


the ſeveral accidents that happen; and certainly much more capa- 


dle than another who was not upon the deck during the whole 


watch. 


| have often admired to ſee how particularly every thing is 
ſtated upon the log-board, excepting the leeway ; and yet that 
(Waich is one of the moſt material articles, ſince the courſe, ac- 
cording to the compaſs, muſt be corrected by it) only allowed for 
me next day according to every one's fancy, thereby, as it were, 
keeping as many different journals as there are artiſts (ſo called) on 
3 board 
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board the ſhip, and yet not one regular journal properly keyt 
amongſt them all, ſince one of the moſt material articles is only 
guelled at, 


EXAMPLE I. 


Suppoſe I ſteer N. E. by E. with my larboard tacks on board, 
and make one point leeway, then my courſe made good is E. N. E. 

Leeway and variation, when they are both to be allowed one 
way, that is, both to the right hand, or both to the left, add them 
8 and allow their Non the ſame way they were to be al- 
OWed. 

But if they are to he allowed, one to the right hand, and the other 


to the left, ſubtract the leſs from the greater, and allow the fe- 


mainder the ſame way the greater was to be allowed. 


EXAMPLE IL 


Suppoſe I ſteer N. N. W. with my ſtarboard tacks on board, and 
make one point leeway, there being at the time half a point welt 
erly variation; I would know my true courſe ? 

Leeway to the left hand x point. 
Variation to ditto 4 point. 


Their ſum to de allowed to the left hand 1 4 


Whence the true courſe is N. W. by N. 4 W. f 


ERA MFPFLE III. 


Suppoſe T ſteer S. W. by W. with my larbcard tacks on board, 
and make two points and a half leeway, and I have one point and 
a quarter weſterly variation; what is my true courſe ? 

Leeway to the right hand 2 + points. 
Variation to the leit hand 1 + points. 


1 


The rem. to be allowed to the right hand 1 
Whence the true courſe is W. S. W. + weſterly. 


EE AMP LE IN: 


Suppoſe a ſhip lying-to under a main-ſail, with her ſtarboard 
tacks on board, comes up E. by S. and falls off to N. E. by E. there 
being one point weſterly variation, and ſhe makes 5 points leeway 3 
what courſe does ſhe make good: 5 

* The middle between E. by S. and N. E. by E. is E. by N. for 
which, allowing 6 points to the left hand, the true courle will be 
N. by E. 


It is plain, by the preceding examples, that it the e, _ 
0 
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towards the meridian, it is taken from the courſe ſteered ; but when 
tis made from the meridian, it mult add to the courſe ſteered, to 
nnd the true courſe. The fame may be obſerved of the ſum or 
difference of the leeway and variation, as may be ſeen by the fol- 
# lowing table, which is here {et down to exerciſe the young Navi- 


W gator in the foregoing rules. 


The B ob Ma PR 


weh Winds. wank rw Courſes corrected. 
— ere * | 
N. W. 1 W N. N. E. [A2 Wi. N. 5 3 W. | 
W. N. N. W. 3 S. 6 W. 
W. S. W. 1 8. I S. GT W. 
W. 8. S. W. 4 W. 
W. by N.] N. by W. 14 8.7 W. 
8. W. W. N. W. | 1+ | S8. 1 1 W. 
So . W. 2 8. 8. . 
„W. a I 8. 4 E. 
— 2 Re. = 2 | 5 1 W. I W. | 
> Os W. 13 > W. 
W.by N. | N.by W. 2 W. s w. W. 
. 8. 2 8. . 
E. by S. 8. 2 E. 2 E. uy N. | 
E. N. E. N. 14 E. N. E. 4 E. 
E. N. 4 E. by N. 4 E. 
E. 8. O ; E. N. E. 4 E. 
S. E. S. E x |14W.| S. by E. 1 E. 
W. by N. S. W. by 1 W. 2 N. : 
N. W. W. S. W. I N. W. I W. 
8. W. S. W. 1 | O4 E. . 
N. by E. N. W. by W. 41 N. N. E. 4 E. 
N. W. by N. | W. by S. Er N. 4 W. 
W. by W. N. by E. 14 1s N. W. by W. 4 W. 
_W.byS. N. W. by N. I 13 41 W. 28. 


7 * . * 0 

Norte. In failing in the channel, or along a coaſt in a tide on 
nent. particular care muſt be taken to take its ſetting for a 
ourſe, and its drift for a diſtance, which muſt be entered among 


the courſes and diſtances in the table of that day's reckoning. 
And 
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And where the ſetting of the tide and drift are not known, yg 
mult attain the point it muſt ſet upon, both of the flood and ch 
from the chart of the coaſt you are failing along, by the times 9 
high water at different places on the coaſt, and by the principle 
of fluids acting againlt ſuch rocks, ſhoals, fand banks, &c, } 
a ſtrict regard to theſe, both the drift and ſetting of the tides may 
be pretty nearly aſcertained and allowed for. 

Currents, the way they ſet you, and the diſtance you ſuppoſe 
you are driven by them, is to be ſet in the traverſc table for the 
day, as any other courſe and diſtance, 


EXAMPLE V. 


Suppoſe I try the current, and find it to ſet W. by N. per com. 

pats one mile per hour, the variation being one point eaſterly ; then 
If I fail in that current 24 hours, 1 fet down in the table as; 
courſe, W. N. W. diſtance 24 miles. 
_ Heave of the ſea is to be accounted for in the ſame manner x 
currents: as, ſuppoſe there is a great ſea heaving towards the, 
W. by my compats, there bein Dalf a point weſterly variation, 
I then ſet down in my eme table S. W. by S. half weſterly, 
with fo much diſtance as I judge the ſea has heaved the ſhip. 

At leaving the land, the oppoſite point of the bearing, with the 
variation allowed upon it, and the diſtance you judge yourſel 
from it, mult be ſet down in the traverſe table as a courſe and di- 


tance. 


EXAMPLE VI. 


Suppoſe having one and a quarter point weſterly variation, the 
Start bearing by my compaſs N. N. E. diſtant four leagues; tli 
oppoſite point to N. N. E. is S. S. W. which, with the variation, 
makes S. 4 weſterly, for the courſe to be ſet in the traverſe tab 
diſtant 12 miles. 

Wien you make the land your bearing, itſelf (with the vari 
tion allowed upon it, and the diſtance you judge yourſelf from i. 
is to be ſet down in the traverſe table, as a courſe and diſtance 
This needs no example. 

The courſes marked on the log- board are the courſes ſtcered )) 
the compaſs. In order to obtain the true courſe, it is neceflary d 
allow both tor the variation of the compaſs, and for the lee Way u: 


on each courſe on the log-board, as has been ſhewn, before ti | 


are put into the traverte table. 

Every day, at noon, the log- board is to be tranſcribed into the 
log-book which is ruled cxacily like the log-board. 

Mariners reckon by tle civil account of time uſed on ſhore, bul 
thy kcep the reckoning for the ſhip's place, by beginning * 
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oon, and counting from thence 24 hours to the next noon. From 
noon to midnight they mark with P. M. ſignifying after mid-day ; 
and the ſecond twelve hours with A. M. ſignify ing after midnight; 
ending their day's work at the noon of the civil day. Hence their 
ſhip's account is twelve hours earlier than their ſhore account of 
time. And as the ſun's declination uſed for finally determining 
the ſhip's place at the end of the fea day is calculated for the noon 
of the common day at London or Greenwich, therefor? the decli- 
nation for the noon of the civil day, mult be taken for determin- 
1 ing the latitude, &c. at finiſhing their day's account. Thus, a 
E day's work marked Tueſday, May 6th, began on Monday at noon, 
and ends on Tueſday noon, fo that the fan's declination for the 
doch of May is uſed for the noon of Tueſday, and fitted to the me- 
© ridian of the ſhip, according as ſhe is E. or W. of London. 

1 There are various methods of keeping a ſea journal, accordin 
© to the ſentiments of various perſons with regard to what deſerves 
being recorded: ſome approve of a journal including the log-book, 
W cach day's work at ſome length, and ſuch occurrences as ſeem of 
W moſt importance; while others prefer a ſhort abſtract of this lon 
journal, containing little more than the courſe run, the latitude . 
longitude in, and ſometimes the bearing and diſtance of the in- 
tended port for each day. 

In the following journal the long form is uſed as repreſenting 
more fully each day's work, and the neceſſary corrections: and an 
W abſtract of this may by drawn out in the ſhorteſt form that ſeems 
conſiſtent with diſtinctneſs. The Learner ought to be thoroughly 
W acquainted with the long form, and when he does that, he may ei- 
ther continue it, or take the ſhorteſt form; or retrenching from the 
frſt, and adding to the ſecond what particulars he thinks proper, 
4 and thereby make out a form adapted to his own particular taſte. 
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Rurxs for correcting the DEAD RECKONING 
by an Obſervation, 


4 


Us 


* 


— a — 


= 4 
— — 


— 


£ 
4 
. 


99. 


* 


4 


* 


3 NOTWITHSTANDING the rules already laid down for keep- 
4 ing a ſhip's way at ſea, yet by reaſon of the ſeveral accidents 
may attend a ſhip in one day's run, ſuch as ſwelling ſeas, dif- 
nt rates of failing between the times of heaving the log, want of 
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care at the helm in letting the ſhip fall off or come to, accidey; 


currents, ſudden ſqualls, when no account can be kept, &c. the h. 5 
tude by account and latitude by obſervation may very often dif by 
then it is neceſſary that proper correCtions be made in the differ. 

ence of longitude. 

When you have made all proper allowances you can, ſuch a fy 
leeway, variation, currents, &c. and ſtill find that your latitude hy 
account will not agree with your latitude by obſer vation, then you 
muſt correct as follows: 

Firſt, Conſider whether you have made proper allowances ft 
eurrents, heave of the ſca, if the courſe at the helm has been cat. ga 
fully attended to, if the log-line and half-minute glaſs be juſt, ad tha 
the log properly hove, or any ſudden ſqualls, or proper allowanca ba 
made 4 the leeway, &c. which of theſe you conjecture your e. tud 
ror is in; make what allowances you think meet to your differen lati 
of latitude and departure by dead reckoning, and ſee if that will. 
form your latitude by account, ſo as to make it agree with your k- 
titude by obſervation ; it it docs, you have gueſſed right (tor you 
muſt always keep to the latitude by obſervation, it being the only 
thing to be depended on); but if it will not agree with the c. 
ſerved latitude, it is to be ſuppoſed that there are miſtakes in yout q 
conjecture, or ſome other cauſe which produces the error in tl 
reckoning, and ſtands in need of being corrected. In this cat, . 

ou are firſt to examine your log-line and half- minute glaſs, an 1 
if there be an error in them, allow for it, as in the following ci Wl + 
ample. 1 

EX AML. E. I. Ithri 
by 

Yeſterday at noon, we were in latitude 48 20” N. and till tli 4 diff 

day at noon we have ſailed S. S. W. 48 miles, S. W. by 8. chin 
*. N. E. 24 miles, and find by good obſervation that we ue, 
latitude 47 14/N. 

TRAVERSE TABLE. * 


Courſes. 


* 
— 6 a 1 RE EE IT 
2 — NETS 5, LY 3 2 2 4 9 4 * - yo: * _ ” 5 * * 
0 1 8 | 2 I _— 
” 4 1 f yo 4 
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. 
= 


By the Traverſe Table it appears, that by account the diſſ. of lat. 


\ is 57,3 S. and the departure 21,4 W. 
b Now the lat. left was — 489 20'N, 
Diff. of lat. by account — o 57 8. 


Latitude in by account 47 23 N. 


Differing ꝙ miles from the true latitude by obſer vation. 


& Wherefore I examine the log-line and half minute glaſs, and 
nnd that the former meaſures 52 feet between knot and knot, and 
that the latter runs only 27 ſeconds. Now, as the log-line and 
halt- minute glaſs are both faulty, I correct my difference of lati- 
tudc and departure as in Cale III. and find my correct difference of 
WE 1:titude 66,2 S. and my departure 24,7 W. 


Now from latiĩtude left — 40? 20'N. 
Take diff. corrected for error in diſt. 1 68. 
Lat. in, corrected for error in diſt. 47 14 N. 


= Arrecing exactly with my latitude by obſervation: I therefore 
We conclude my reckoning ſufficiently correct. Then, with the dif- 
We tcrence of latitude 66,2, and departure 24,7, together with yeſter- 
Wday's latitude, I find the difference of longitude either by Middle 
3 Latitude or Mercator's Sailing. | 
n the laſt example 57,3, and 21,4, multiplied ſeverally by 156, 
chrice the meaſured length of a knot, and divide the two products 
Wy 135, five times the meaſured time of the glaſs, will give the 
4 difference of latitude 66,2, and departure 24,7, which is the ſame 
ding as if every courſe had been corrected ſeparately, 


| ff. wa OA 


W Ycſterday at noon, we were in lat. 3615 N. and have failed 
ele 24 hours S. E. 4 E. 55 miles, N. E. by N. 20 miles, W. S. 
N. 70 miles, S. by W. 5 W. 20 miles, and by obſervation this 
at noon we are in lat. 34 50N. 
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The TRAVERSE TABLE. 


Courſes, [Dit N. | 8. F. W. 


8. E. 1 K. | 55 | 6349425 
N. E. by N. 20 [16.6 11.1 
1 70 26.8 64.7 
S. by W. 1 W. 20 19.1 5.8 
| K N — 
| 116.6 80.8 53.6 70.5 
16.6 53-0 
BE: 64.2 hits * 6.9 


By the Traverſe Table it appears, that by account the diff, « 
lat. is 64.2 S. and the departure 16,9 W. 


Latitude failed from — 36” 15N, 
Difference of latitude by account 1 48 
Latitude in by account — 35 11N. 


Differing 15 miles from the latitude by obſervation. 


I now examine the log-line and half- minute glaſs, and find then 
both right. Next I conſider whether there be any current, and 
I think I have reaſon to ſuſpect one: upon trial ] find there is one 
ſetting S. S. W. 3 W. at the rate of 7 fathoms an hour, an 
judge | have been in it theſe 24 hours. Then ) fathoms (« 
tenths of a knot) per hour, in 24 hours, makes about 17 miles: 
and to the diſt. 17 miles, and courſe S. S. W. 3 W. the diff. d 
lat. is 14,6 S. and departure 8,7 W. N 

8 Diff. Lat. Dep. 
Now by tra. table 64,25. 16,9 W. | Latitude ſailed from 30 153. 
And by current 14,65. 8,7 W. Diff. of lat. cor. for cur. 1 195. 


— — 


Correct for cur. 78,88. 25,6 [Lat. in correct for cur. 34 56N. 


Which agreeing with my latitude by obſervation, I conclude 
that my reckoning is right; then having the latitude left, and !. 
titude come to, the difference of longitude. may be found either i) 
Middle Latitude or Mercator's Sailing as before. 

If, after all proper allowances are made for errors in diſtancy 
currents, &c. the latitude by account and obſerved latitude ſhoul 
diſagree, then the reckoning muſt yet be further corrected ; and todo 
which, the following are the common, and ſcem to be the molt 
tional methods, ” 
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CASE I. 


If the Courſe found by Dead Reckoning be leſs than three Points, or thirty- 
three Degrees. 


RurLE. To the difference of latitude and departure by account 
find a courſe ; to this courſe and the difference of latitude by ob- 
ſervation, find the difference of longitude, either by Middle Lati- 
tude or Mercator's Sailing. 


EXAMPLE. 


= Yeſterday at noon, we were in lat. 39® 18- N. by an obſervation, 
this noon we are in lat. 39% 48'N. and our dead reckoning gives 
107 miles of ſouthing, and 64 of weſting ; required the true dif- 
ference of longitude ? 
= To the difference of latitude 107, and departure 64, I find the 
| courſe 23 points; then with the meridional difference of latitude 
between the two obſervations 115, and the ſame courſe, I find the 
true difference of longitude 69 miles, 


CASE II. 


If the Courſe found by Dead Reckoning be more than 3 Points, or 339, 
and leſs than 5 Points, or 569. 


RULE. With the diff. of lat. and dep. by account, find the diſ- 
tance ; with this diſtance, and diff. of lat. by obſervation, find ano- 
ther departure. Take half the ſum of this dep. and dep. by ac- 
count, for the true dep. with which and the diff. of lat. by obſerva- 
tion, find the diff, of longitude. 


EXAMPLE. 


Yeſterday at noon, we were in lar. 52 40'N. and are this noon 
in lat. 54% 22/N, having by account made 84 miles of northing 
and by miles of weſting; required the true difference of lon- 
etude 

To the diff. of lat. 84, and dep. 76, the diſtance is 113 miles, 
and the courſe 429. 

To dift. 113, and diff. of lat. between the two obſervations 102, 
the dep. is 47,7 ; then 76 added to 47,7, is 123,7, half of which is 
b1,8, the true dep. 

To dep. 61,8, and diff. of lat, by obſervation 102, the courſe 
'S 31?, and with the courſe 31?, and the meridional diff. of lat. 


en the two obſeryations 171, I find the diff, of long. is 103 
Alles, 
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CASE III. 
Tf the Courſe by Dead Reckoning be more than 5 Points, or 59, 


 RuLe. With the diff. of lat. and departure by account find the 
diſtance ; then with this diſt, and diff. of lat. by obſervation find the 
diff. of long. 


EXAMPLE. 


Yeſterday at noon we were in lat, 38 52” N. to-day at noon we 
are in lat. 49* 18' N. and by account have made 68 miles of north. 
ing, and 112 miles of weſting; required the true diff. of long. 
tude ? 

With the diff. of latitude 68, and departure 112, I find the di. 
tance 132 miles, and to diſtance 132, and difference of Jatitude hy 
obſcrvation 86, the courſe is 49% 3o' nearly; with this courſe, and 
the meridional difference of latitude between the two obſervations 
111, the difference of longitude is 130 miles. 

The reaſon of the above rule is plain, if we conſider, that when 
a ſhip fails near the meridian, it will require a ſenſible error in the 
courle, to make any conſiderable error in the difference of latitude; 
which can hardly happen if proper care is taken at the helm; and 
therefore it is moſt likely that the error is in the diſtance run; but 
when the courſe is near the middle of the quadrant, or between; 
and 5 points from the meridian, it is then probable the error may ie 
in both the courſe and diſtance ; and when the courle is more that 
five points from the meridian, it is then moſt likely the error is in 
the courſe, as it will require a great error in the Jiftance to make 
any conſiderable one in the difference of latitude, 

NoTE. As the true place of a ſhip depends upon her latitude 
and longitude being truly aſcertained, have ſet theſe down only, 
the reſt being of leſs conſequence to the mariner. 


To correct for ſeveral Days. 

By help of the three preceding rules, the longitude may alwaysbe 
corrected for a ſingle day, but it an obſervation has been wanted for 
one or more days, then mark the latitude and longitude at Laſt ob- 
ler vation, or if this be your firſt ebſervation ſince leaving the land, 
mark the latitude and Jongitude of the land you left ; this 1s the 
only latitude and longitude you can call certain; all the following 
part of the reckoning muſt undergo a correction, which is made & 
tollows : | 

Take the northings, ſouthings, eaſtings, and weſtings, that yo! 
have made ſince your laſt obſervation ; or it this be your firſt ob- 
ſervation, then for every day, from your leaving the land, minding 
not to leave out the difference of latitude and departure of the d 
vou correct on, and bring them into the traverte table, by which 


you will have the whole difference of latitude aud departure by w 
coun 
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count .nce the laſt obſervation; and with that ſame difference of 
Latitude and departure find the courſe by dead reckoning, then ob- 
ſerre which of the foregoing caſes that courſe falls under, and cor- 
rect by the rule for that caſe. But when an oblervation has been 
wanting for ſeveral days, then mark the latitude and longitude you 
were in at your laſt obſervation, of leaving the land as before, and 
then you may correct with a greater degree of certainty ; eſpecially 
in high latitudes, by the following rules : 


S J. 


Reckoning from the laſt certain latitude and longitude. 

When the courſe given by the meridional difference of latitude 
nd difference of longitude by account, taken as difference of lati- 
W tude and departure is leſs than three points, or 33 degrees. 

1 RuLE. To the meridian difference of latitude and difference of 
W longitude by account (taken as difference of latitude and departure 
W as oa in the Mercator's failing) find a courſe, with this courſe 
and the meridian difference of latitude by obſervation, find a cor- 
reſponding departure, which will be the correct difference of lon- 
gitude. 


8 
4 
4 


EXAMPLE I. 


Having ſailed three days ago from latitude 49® 57” N. and got no 
obſervation till this day at noon, and find | am in latitude 45225 N. 
and by dead reckoning I am in 45 127 N. having differed my longi- 
tude 173 miles; required my difference of longitude ? 

M. Parts. M. Parts. 


Lat, failed from 49 57 N. 3470 | Lat. failed from 49 57 3470 
4 Lat. by Account 45 12 N. 3047 | Lat. by obſer. 45 23 $obg 


Merid. diff. of lat. by acc. 423 | Mer. diff. of lat. by obſ. 407 


To meridian difference of latitude by account 423, and difference 
of longitude by account 173, the courſe is 22? 157. Then with the 
W courſe 22* 15, and meridional difference of latitude between the 
obſervations 407, I find the difference of longitude is 167 miles, 


GIII. 


When the courſe given by the meridional difference of latitude 
and difference of longitude by account, (taken as before) is greater 
than 3 points, and lefs than 5 points. 

RULE, To the meridian difference of latitude and difference of 
longitude by account, taken as difference of latitude and departure, 
find a diſtance; with this diſtance, and meridian difference of la— 
tude by obſervation, find a correſponding departure, half the ſ . 
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of this departure, and the difference of longitude by account, is the 
correct diitterence of lougitude, 


EKAMPLE II. 


Three days ago we were in latitude 45” 23' N. and have fince thy 
time failed between ſouth and weſt, have by dead reckoning alters 
our latitude 94 miles, and our longitude 147 miles; but by an ob. 
ſervation this day, we find we are in latitude 43* 34'; required the 
correct difference of longitude ? 

XI. Parts. M Part, 
Lat. failed from 45 23 N. 3063 | Lat. failed from 45% 23* 306; 
Lat. by acc. 43 49 N. 2931 | Lat. by obſer. 43 34 2910 


Mer. dift. of lat. by acc. 132 | Mer. diff. by obſer. I; 
With the meridian difference of latitude by acc. 132, and 4 


ference of longitude by acc. 147, J find the diſtance 198, and courſe 
43”, Ihen to diltance 198, and meridian difference of latitude by 
obſervation 153, the dep. is 125; now 125 added to 147 is 272, and 
half this ſam, viz. 136, is the correct diff. of longitude. 


CAS -2 


When the courſe given by the meridian difference of latitude and 
difference of longitude by account, (taken as before) is more than 
points or 56 degrees. | 

KuLE.---To the meridian difference of latitude and difference d 
longitude by account, taken as difference of latitude and departure, 
find a diſtance, 

To this diſtance and meridian difference of latitude by obſerra- 
tion, find a correſponding departure, this departure will be the cor: 
rect difference of longitude. 


LE AAMP LE HI. 


Two days ago I was in Jatitude 43? 34' N. and have fince then 
made by account 50 miles by fouthing, and 256 miles difference 0 
longitude weſt, but find by obſervation that I am in 42% 30 N.; 
what is my true difterence of longitude ? 


M. Parts. | M. Parts 
Lat. failed from 43% 34'N. 2910 | Lat. failed from 43® 34 201 
Lat. by account 42 44 N. 2841 | Lat. by obſer. 42 30 9 


Mer. diff. of lat. by account 69 | Mer. diff. of lat. by obſer. 90 


Then to meridian difference of latitude by account 69, and ditt 
ef longitude by account 256 (taken as difference of latitude and de 
parture), the diſtance is 265, and courſe 75 degrees. 5 

And to diſtance 265, and difference of latitude 88 (the meridia 
difference of latitude by obtervation), the departure is 250, which u 
the correct ditterence of longitude. "7 

el 
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Here we have given at ſome length the different methods of cor- 
recting the dead reckonin g by an obſervation, which are readily done 
by the table of difference ot lat tude and departure, 

The ſhip's way is generally greater than the diſtance given by 

the log, and it is always ſafeſt to have the reckoning a-head of the 
ſhip, that the mariner may be looking out for land, and not make it 
before he is aware of it, 
When a great ſea ſets after the ſhip, it is common to allow one 
mile over for every ten given by the log, for the heave of the ſea ; 
but if the ſea be againſt or athwert her, her diſtance mult be leſs than 
that given by the log. 

The error in the ſhip's reckoning is frequently attributed to un- 
known currents ; for by various cauſes yet undetermined, there are 
many counter motions of the water in the open ſeas, as well as 
thoſe obſerved near the ſhores, where the motions may be tolerably 
well accounted for. Some of the obſerved currents in the great 
ſeas may perhaps be owing to the tides following the moon, and to 
the libratory motion the waters may have thereby, and the unſettled 
ſetting and drift of theſe currents may poſſibly depend on the change 
in the moon's declination. However, it is well known from ob- 
ſervations, that the trade winds occaſion a conſiderable current 
within their limits, particularly within the Torrid Zone, where the 
motion is perpetually towards the weſt, at the rate of 8 or 10 miles 
a day, but at the extremities of the trade winds, or near the lati- 
tudes of 3o® N. or S. it is likely that the currents are compounded 
of the ſaid weſtern motion, and of one towards the equator ; there- 
fore, all ſhips ſailing within theſe limits, ſhould allow a courſe each 
day for this current, 

NoTE. When the difference of latitude by account is leſs than 

the difference of latitude by obſervation, the ſhip is a-head of the 
reckoning, but if lefs, the reckoning is a head of the ſhip. 
When the mariner is dubious of his account of longitude, he ge- 
nerally runs into the latitude of the intended port, and then fails E. 
or W. if there be ſea room, according as it is ſituated, and keeps a 
good look-out for the land. 

The method I have choſen to introduce the young mariner inta 
the moſt capital part of navigation is, by ſhewing him firſt how to 
work a few ſeparate day's 4 4 independent of each other, and then 
procced to a continued journal from London to Madeira and Te- 
neriffe, and back again to England, in which will be inſerted moſt 
of the occurrences that commonly happen at fea, or in harbour, 

have ſeen many young navigators who have been taught the 
principles of navigation on ſhore, very deficient in keeping a jour- 
nal at fea ; and therefore, muſt requeſt the Teacher not to omit put- 
ing the pupils over the following journal, which will render them 
ready at working a days work at ſea, and confirm in their memory 
thoſe rules they have been over, 


9 


EXAMPLE 
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EXAMPLE I. 


May 24, 1792; yeſterday at noon we were in the latitude of 462 28' N. , 
rude 222 18 W. and have failed till this day noon, as by the log- board, t. une 


tide having all the time ſet S. by E. 24 miles per hour; required the ſhi E. 
place and the direct courle and diſtance made good? 27 

KC "LoG-Boak De | Traverst TABLE. 

H * F Courſes. Winds. Lee-way. || Courtes. Diſt. N. | 8. E. IN, K 
| 6| zN. N. E. W. J. N. F. 31 [28.6 11.0 i 
24 6| 2 E. N. E.] 35 13.4 32.3 2 ( 
316 5 E. by 8. 39 7.0 35.2 no 
4} 6} 4 | 8. 8. E. 51 47-1] 19. e 
51 ©] c S. by E. | 60 | 58. 8 11.7 9 
© 6 I E. N. E. | N. W. N 5 — — 4 6 6 
716 6 | 42.0 112.9] 110, Dy 
| 5] 3} | 8 5 

$9] 5] 6 | = 5 

1 5 4 2 Q 960 5 
111 515 Lat. left — 40628“ N. M. Par. zie 

| 5 + 3 

ny 5| 3E. by S.| N. Diff. Lat. — 1 11 5, |  o® 

| | 5 9 | | 1 3 5 

21 6 2 | Lat. in — 45 17N. M. Par.=yy 5 
„ [Sum Lat Mer. D. Lui 
4 6 3 mn * _ 91 45 er. L. — , 6 

| 
5} 6| 4 be 55 
6] 7] of S. 8. E. 18 45 52 | 5 
7 O g 4 0. .* Lat, 44 © 7 0 

8 7 3 Long. left—22 18 W. 1 

| 9] 7 5 Dift. of Lon. 2 39 E. or 22 400 6 
101 7 1 6 

111 719 Long. in — 19 39 W. i 
121 7j 3 Direct Courle—S. 57 22'E. ; ) 


| Diſtance — 131 miles. 
— 


The courſes and winds on the log- board being examined, it appears that thely 
goes large, and has no lee-way ; therefore the ſeveral courſes from the 
board are entered in the Traverſe Table without alteration. 


b i . 
Next the fathoms and knots belonging to each courſe are ſummed up, and then 00 


ſults are put in the column of diſtances in the Traverſe Table; and to my L 
courſes and diſtances, the whole difference of latitude, departure, courſe ® 4 
diſta ce made good, are found as above. | "he 
Then having the latitude left, and the latitude come to; find the complement! Ahe 
the middle latitude, and with that, and the departure, find the courſe, & Mc 
middle latitude ſailing. 0 | mo 
Or with the courſe, and meridional difference of latitude, find the differenct® 
longitude, by Mercator's ſailing, 4 IF 
Nor. When the odd fathoms are above five, we allow one knot, but, if u levre, 


five, nothing is allowed. 


EXAM 
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KC EZAMPEE HI. 
Mun: 29, 1792 3 being yeſterday noon in latitude 2 5 go' S. and longitude 109 15” 
E. we have failed till this day noon, as per log-board, in a current ſetting ſouth 
227 miles an hour, the variation 12 point weſt ; required the ſhip's place? 


LoG-BoARD. [| Travenst TN. Wl 
Ki F | Courſes. j Winds. L. Way Courſes. |Diſt.} N. 8. WL 
«ol s. W. [w.N.w.| 1 ||8.byW.zW.| 30 28, 7 1 
6| 2 S. by E.EE.| 32 30, 6 [ 1 
664 8. i E. 30 29, 9 volt 
6] © SE. by E. TE. 39 18,4 1 
5] 3 S. by E. 4 E.] 60 | $754 1 
ess. by W. w. by S. 1 | | 138 
5 1 | Diff, Lat. 165, © 9 
17 ; 16 
5| 2 1 
93 i 55-3 Dep 
5| 5 Din. lat. 29 45'S. ' 40 
* W. I Lat. left 25 308. Mer. Parts 1583 1 
9 5 755 9 
5 5 Lat. in 28 15 8. Mer. Parts 1768 i 4 
: To 3 1 
5| © Sum Lat. 53 45 M. diff. lat. 185 1 
4 — — — 1 
02 8. W.bys. x IId. lat. 26 52 9 
| 4 — — * 
1 4 Co. M. lat. 63 08 9 
0 a 5 | 
bl © Len . left 10% 15E. 
5| 4 Dif, long, 1 o2E.or1% 01' ZE, 
1 5 | 


Long, in 11 17 E. 


Courſe is S. 185 30'E. 


Diſtance 174 miles, 


„ 


e courſes and winds on the log-board being examined, it appears that the 
ps cloſe hauled on each tack, and one point lee-way being allowed, reduces 
dhe courſes, and taking a courſe for the current S. theſe ſeveral courſes being 
orrected by the variation 14 point weſt, give thoſe in the traverſe table, to 
mach the whole difference of latitude and departure 1s to be found as above, 
hence the latitude and longitude in may be found, either by middle latitude 


= COS for as the ſhip is near the equator, the difference will be 


is In the two following examples, the courſes are corrected to the neareſt 
*>**©5, as let down in the traverſe table, and the odd minutes are rejected. 


Aa _ EXAM 
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EXAMPLE III. 


Yeſterday at noon we were in latitude 33* 40'N. longit ude 16" 26 weſt, the uv. 
was obſerved to ſet 50 18 from the north point of the compaſs; we have ſale oon 
this day noon, as per log- board, in a current ſetting W. S. W. 14 mile per hoy, — 
required the ſhip's place, and her courſe and diſtance to the welt end of tþ _ 
iſland of Madeira ? | — 

FRE Loc-Boarvb. 3 Travnst Tar, 
H|K| F | Courſes. | Winds, L. Wayſſ Courſes. |Dit.| N. | 8. E. | 
wn ls nn ici av _— = 
1 6] 28S. by W. W. {| © 8. 01 KE. 40 40, | © vp 
2| 6] © S. 10 W. 70 68, 9 1 12,1 2 ; 
3| 6] 3 | 8. 44 W. 58 41, 7 4003 366 
4710 8. 55 W. 36 20, 6 20 
7 2 : | — cc 6 
8 713 | Diff. Lat. |171,2 | o, 7 $46 - 
7] 7] 218.W.byS.|W. by N. 1 07 5 
91714 2 of 
fro} 7} © Before the courles can be corrected 2 5 
111714 put into the Traverſe Table, the van Il 5 
12] S| 1 con of the compaſs muſt be found! , : 
1] 8] © the ſun's true amplitude. | R 
2] 8] 5 | The declination is 229 30“ N. 5 7 
31 8] 2 As coſ. 339 40“: rad, :: fin. 22% 30: f 607 
4| 7} SS. WbywI N.W. | o 27 22/, 16 
0 2 So that the true amplitude = 623801 *þ 
6] 6 Mag. amplitude = 50 18) ol > 
7] 61 4| ＋ 
8] 6] © Variation = 12 20 P 6 
gf 6| 2 The courſes on the log- doard being it, . 
10 0] 1 rected by this variation and the le- at. lef 
111 6] 3 will give the courſes fitted for the In FP 
12 6[ 1 (verſe Table. 

Lat, left — 33 40 N. Madeira's lat. — 32 30 N. M. Parts wh m, L; 

Diff. lat, — 3 81 8. Lat. in . 1 

Lat. in — 30 49 N. Diff. lat. — 1 41 = 101 miles 9 a 

, 6h — Mid. 


Sum Lat. 64 29 Zum lats. _ 63 19 
Mid, Lat. — 32 14 [Mid. lat, — 31 39 
Co. Mid. Lat. — 57 46 N. _ — 
— Co. mid, lat. — 58 21 
Long, left — 16 20 W. — — 
Diff. Long, — 1 36 W. Madeira's long, — 17 26 W. 
| — Long. in — 17 56 W, 
Long. in — 17 56 W. — 
— Diff. long. — O 30 E. : 1 
The courſe N. — 14 30 E. diſt. 104 uy 
In the work for the amplitude, the latitude at ſun-ſet was taken the ſame 0 
noon; for although there were about 46 miles of ſouthing in that time, a 
latitude at fun- ſet was about 32 54 yet the amplitude being only about 15 
the alteration in variation would ſcarcely affect the difference of latituge ® 


parture found from the courſes fo corrected, 


In this 
L dad j 
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8 


RN 


l f 2 1&f E. This Fore- 
Noon we were in Latitude 19 3o' S. and Longitude o“ 1 
nog Feder the Sun's Altitude to be 10? 4o/ when he was 80? 30 from the 8 
| 3 of the Compaſs, Declination being then 1727 N. we have ſajled till _ ay 
£ — ye per Log-Board, in a Current ſetting by the Compaſs W. N. W. $ a Mile an 
4 , « 


* 


f 
6 
|; 


V 
[f 


— 


our, Required the Ship's Place and her direct Courſe and Diſtance to the Iſland of St. 
elena. 


——_— 


SEE LOS 


Loo-PoARD. a TRAVHETST TABLE. 7 | f 
| [LLee— Wd 
Is. Ir. | Courſes. | Winds. [Way. Courſes, | Dit. N. 8. 4 E. * | v. 
2 E. by N. N. 1 W. | 38 (37.0 | 8. 5 28 
: : N, by E. E. by N. N. * W. - +4 x 16. 5 | ; 
6 N.47 W. 76 (51.8 55.6 1 
6 ? N. 81 W. 12 | 1.9 11.9] 1 
1 126, o pi Lat. pep on. W 
| $| North, E. N. E. xj] ___ ; * i | 
5 4 Lat. 19 30'S. Alt. 10? 40 Dec. 17% 2) N. 1 
51 © 90 OO 7, yo 30 | 90 OG 1 
; 6 | Co. Alt. 79 20 P. Diſt. 107 27 i | 
b 1 
5 Co. lat. 70 30 Co. Sec. 0,02 565 18 
60 4 N. N. W. N. E. 1 [Co. Alt. 79 206 Co. Sec. 0,00757 1% 
61 8 P. Diſt, 107 27 3 1 
11 3, 
"| 3 Sum 257 17 {2 
7 6 * . | 8 
715 z Sum! 128 38 Loy. Sine 9,89274 ww 
7510 P. Diſt. 107 27 1 
"| 2 8 
7 „ Rem. 21 11 Log. Sine 9455793 "un 
3 ; EET ES 29 
6| 8 ll | 2)19,48 339 | k 4 
in. Lat, 29 06/N, Mer. rarts: x "2 
at. left 19 30 8. 1193 Co. S. True Azimu. = 56? 2% 954194 I | 
| at. in 8 | 1 2 
B OED mc True Azimuth 113 oo from the 8. | 1 
m. Lat, 2) 36 54 Mer. Diff. Lat. 133 2 e fl | 
id. Lat. 18 27 True Ditto 67 oo from the N. 4 | 
90 00 Mag. Azimuth 8 zo from the N. * 
r 9 | 
Mid.Lat. 91 33 Variation 13 30 W. | {i J 
1 Lat. in 179248. Long. in 1 28 W. M. P. 1060 BR: 
282 left 002? 10/E St. Hel. L. 159 5g'S. St.Hel.Lo. 5 45W.M.P. 968 | 
II. Le . w # | ; 4 
in EZ 4 x Diff. Lat. 1 2g Diff, Long. 4 18 M. D.Lat.gz 1 
Preſent long. 1 28W. 60 60 1 
In Miles 89 In Miles 258 1 
1 
77 
; £48 
| With the Meridional Difference of Latitude #546 
and Difference of Longitude, the Direct Courſe 1 | 
to St. Helena is found S. 70% 22 W. and with 1 4 
that Courſe and the proper Difference of Lati- 1 
tude the Diſtance is found 265 Miles. 1 


ep nei the Azimuth is worked with Yeſterday's Latitude and Dec lination, 


en worked with this Day's, the Variation would have been 129 26' W. 
2 2 
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VO TA OK 


FROM 


LONDON To MADETIR 4, 


AND 


 ENERIF'FE 
IN THE 


FRANCES, or LON Do, 
WILLIAM HEATHER, COMMANDER, 


r BY 


JOSEPH WYAT-F, MATE: 


Departure taken from the Lizard in Latitude 49%7” N. Longitud 
5 14 W. bound for Funchal, in Madeira, in Latitude 325 3 
ngitude 175 W. and to Teneriffe in Latitude 28? 13 
Longitude 16* 26/W, bearing from the Lizard-Point S. 26'5 
W. diſtance 1166 Miles. 


Begun April 11th, 1792. 


In the following JournAL are exemplified, the Manner d 
allowing for the Variation, Lee-way, Lying-to, Calms, Curr 
Heave of the Sea, &c. and to correct the Dead Reckoning, by ® 
Obſervation, in all Caſes ; with moſt of the Occurrences that cm 
monly happen at Sea, and the Ship's Way pricked off on ME 
Tok's Chart. 
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TWoſneſday At 5 A. M. the pilot came on board; then weighed 
April 11, | and failed from Tower Wharf; at 11 came to with 
1792. | the beſt bower at Blackwall. Wind 8. S. W. 
85 Freſh gales and cloudy weather, with rain. 
Thurſday At 5 A. M. weighed and failed ; at q came to an an- 
12. chor at Graveſend, and cleared ſhip. Wind from 
' S. S. W. to N. N. W. 
. At 4 P. M. weighed and failed, moderate weather ; 
at 9 came to with the beſt bower at the Nore in 
Friday 9; fathoms, freſh gales; at 4 A. M. weighed and 
13. ailed ; at 11 came to anchor in the Downs in 7 
fathoms, Deal Caſtle bearing W. 4 S. diſtant 3 
miles, Wind W. by 8. 
At 1 P. M. ſent the Pilot on ſhore. "Theſe 24 
Saturday hours, the firſt and Riddle parts moderate and 
14. fair, the latter part ſtrong gales and cloudy ; hoiſted 
the boats in. 8 
Strong gales and cloudy ; at 2 P. M. veered out the 
long ſervice of the beſt hower, got top-gallant 
Sunday | 
yards down; at 4 P. M. ſtruck yards and top- 
15. maſts. Theſe 24 hours had very hard gales of 
wind. Wind W. by 8. 
Theſe 24 hours, for the moſt part, freſh gales ; at 4 
Mond A. M. hove up the beſt bower, and let go the {mall 
* 9 bower; at 9 hove up the ſmall bower, and let go 
"wy the beſt bower again ; people employed in 2, 
ing points and gaſkets. 
3 At 6 P. M. ſtrong gales with heavy rain; at 8 veered 
Tueſday out the long ſervice, and let go the ſheet anchor 
17. under foot; at 9 A. M. hove up the ſheet anchor. 
Wind variable from S. by W. to W. 
Wedneſda Theſe 24 hours, for the firſt and middle part, mo- 
18 Y' | derate and fair; the latter part, ſtrong gales. 
* Wind W. by 8. 
Theſe 24 hours, freſh gales and fair; at 3 P. M. got 
1 top- gallant maſt NN at 10 A. M got 7 
9 and top · maſt up. Wind E. S. E. 
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FROM LONDON TO MADEIRA, 


Remarks on Board, Friday Apron 


20th, 1792. 


At 2 P. M. hove ſhort. 4 
At 4 weighed and failed in Co, with 
40 Gun Man of War, and 20 Sail 
Merchantmen, 
At 65, Foreland bore N. N. W. diſt. 
At 2 A. M. Fairlee bore N. diſt, 6 M. 
At 6 Beachy bore N. by W. 6 Miles. 
At 8 Beachy bore N. E. by E. 9 Miles. 
Freſh Gales and clear, ſeveral Ships 
ſtanding up Channel; cloſe reefe| 
both Topſails. 
At 12 Bembridge P. boreW.N, W. 25M, 


Still in Company with the Fleet, 


—— 


1 


e e 


Rewarxs on board, Saturday, Ap. 21. 


* 


Freſh Gales and clear. 

At 4 P. M. parted with the Fleet, they 
being bound to Spithead. Dunnoſe 
bearing W. N. W. diſtant 21 Miles, 


At 5 let out one Reef of each Top- al 
At 75 A. M. Portland Light bore W. 


At 10 A. M. it bore N. E. 12 Miles, ql 
| 


Sail in Sight. 


e 


Fe B _ |Lee- 
H. K. |] F. | Courſes, Winds, [Way. 
2 | . by W.4W. | N. 4 W. 
4 
8. 
8 | 
10 W. N. by W. 
12 S. Wby W. 4W 
2 
1 W. N. w. W.] N. K W. 
6 | W.S.W. N, by E. 
8 
10 
12 
| Lee- 
H. K. | F. | Courſes, Winds. [way. 
:| 4] of w.s.w. | N. by E. Js 
4 + 6 W. 4 S. 
5151 51 
7 37-9 
W484 43 
12 6&1 VB 
I-31 $1 © 
4] 4] +4 
| 6] 4] 5 W. 9 Miles, 
81 41 © 
10 1 4| 2 |S by W. + W.] N. N. E. 
„ | 


Being upon the Coaſt this laſt Day, the Log is hove, and the Bearings and Diſtances 
of Lands, Rocks, Sands, &c, as you approach them muſt always be ſet down, and are 
of the greateſt conſequence, eſpecially in bad Weather, or when you are in Danger of 
being drove out of your true Courſe, in the Night, or in a Fog; ſo that you may at at! 
Time determine, by your Reckoning, or the Chart, the Ship's Place, and fail Courſes 
and Diſtances as Circumſtances require, in order to paſs Places of Danger, and t 
have it always in your Power to take your Departure from ſome known Place, in 
you ſhquld be drove out to Sea in the Night or in Foggy Weather, when no Land can be 
ſeen. For it ſometimes happens, that in working to Windward in the Engliſh Channel, 
E. of Dunnoſe, Ships by making too long a Board, have got upon a Sand called the 
Ower, which lies from Dunnoſe E. à N. 25 Miles. It is therefore abſolutely neceſſary 


to have good Draughts of the Coaſts you fail upon, unlefs you are well acquainted with 


them zndevd. 
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| Lee- TA 
I. Courſes. idea RT NMARKs on board, Sunday. Apr. 22d, 1792. 
7 5 9 Theſe 24 Hours moderate Gales, and fair 

4 Weather. | 
6 , 

81 4 S. W. byW.4W N. E. At 6 P. M. the Lizard bore N. by E. 4 E. 
ol 4 5 Diſtance 6 Leagues, from which I take 
i2 | $5 my Depar. it being in the Lat. of 499 f) 

11 5 N. and Long. 5 14 Weſt of London. |} 

41-5 $1 SW. 1 W. Several Sail in Sight, ſtanding to Weſtward, 

1 5 

A At Noon, Uſhant N. 30 26' W. Diſtance 
w-j.$ 5 54 Miles. 
bs 1-0 7 | Ig Variation 2 4 Point Weſterly 

5 Lat. by | | 5 [Bearing and 
Courſe Diſt. S. |W] D. R. [Lat. by Obſ. Mer. Diſt.] Diff. — Long. in. ] Diſt. | 
8.26 300 107 96/48/48. 2: * | 0 48' | 1 14 | 6928 W. |Funch. 827. 

W. : X W. D. 1058 M. | 


The Lizard bearing N. by E. 4 E. Diſt. 6 Leagues from the Ship is the ſame as if the Ship 
had ſailed from the Lizard 6 Leagues or 18 Miles upon the oppolite, or S. by W. 41 W. 
Point of the Compaſs, and allowing for the Variation, as before taught, makes it S. half 


E. Diſt. 18 M. which is to be ſet down as the firſt Courſe and Diſtance in the following | 


Traverſe Table. 

The firſt Courſe ſteered by Compaſs is S. W. by W.4 W. which, allowing for the 
Variation, makes S. W. by S. half W. and the Sum of all the Diſtances ſailed on that Courſe 
till two o'Clock, when it alters, is 18 Miles and an half, which being doubled, becauſe 


| the Log is heayed every two Hours, gives 37 Miles; ſo the ſecond Courſe and Diſt. to ba 


ſet down in the Traverſe Table is S. W. by S. half W. 37 Miles. In like Manner the 
ſecond Courſe ſteered is S. W. 4 W. and the Variation allowed makes it S. S. W. half W. 


aud the Diſt, on that Courſe ſummed up and doubled, gives 56 Miles; therefore the 


third Courſe and Diſt. to be ſet down in the Traverſe Table is S. S. W. half W. 56 Miles. 
Having found the whole Difference of Latitude and Departure made upon the ſeveral 
Courſes, I then mark down upon my Slate or Paper what every Thing that is to be found 
comes to, and afterwards ſet them down in their proper Columns as above, 


TAAVEEKST TABLE. 


een —— | Now to Diff. of Lat 95.9 S. and Dep. 48. 1 


Courſes. [Diſt. N. | 8. E. | W. [W. the Courſe is S. 26? 3o/ W. Diſt. 107 Miles; 

— — 1 — — — —fthen Lat. ſailed from, or Lizard's Lat. 49 57 N. 

S. J E. 18 17.9] 1.8 Dift, of Lat. — — 1 136 8. 

S. W. by S. 3 W.] 37 28.6 23. 50. at. in, or Ship's Lat. — 48 21 N. 
5. S. W. Z W.] 56 49- 4 26. 4 Sum of Lats. — 98 18 
1 — Middle Lat. — — 49 09 
95.9 49. 9 Com, of Middle Lat, — 40 51 

I 


. 8] Then with this Com. of Mid. Lat 40 51%, or 
— [412 found as a Courſe among the Degrees, and 
the Dep. 48. 1 in its Column, in the Diſt, Col. 
"Mp __\tands 74, which is the Diff. of Long. 

Or, with the Courle 26 30 and Meridional Diff, of Lat. 147, the Diff. of Long. is 
found to be nearly 74 by Mercator's ailing. 


Longitude ſailed from, or Lizard's Longitude 5® 14/W. J This teing the firſt Day ſince 


Difference of Longitude 74 Miles 34 0 leaving the Land, the De- 
Longitude in, or Ship's Longitude 6 28 W. parture is the Mer. Diſt. 
To find the Bearings and Diſtance of Uſhant. 
Lititude in 482 21'N, Mer, Parts 3323 Longitude in 62 2 W. 
Vihant's Lat. 48 30 N. Mer. Parts 3337 Vihant Long. 3 3 
ifference of Lat. 9 Mer. Diff. of Lat. 14 Diff, Long. 1 23 


With the Mer. Diff, and Diff. Long. Uſhant is found to bear N. 80 26 E. and with that 
ring, taken as a Courſe, and the proper Difference of Latitude, the Diſtance is found 
$4 Miles, —The hearings and diſtance to Funchal is found in he ſame manner. 
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FROM LONDON TO MADFIRA, 


— n 


K 1 * — * —— „ * 8 


— — — — — —— 


| Lee " J E 
K. F. 3 Winds, Oy REMA ane 10 ana, Monday, Apr. 23, % 4 H 
6 SWhbyW34W} N. Theſe 24 Hours moderate Galos and Clout | 
5 5 Woather, | 
5 N. W. At 4 . N. Spoke the Charming Nang f 
F from Carolina, bound to London, | 
$j 6/8.W 3 W. | 1 
. | 65 
| 2 1 4 F, 
"AR 4 
61.67 $ At oA. M. got the Bower Anchors on the gut- 6 
K $ S. W Dy SWW. N. W. ne;, and unbent the cables and ſtowed them 5 
1 At Noon C. Ortegal bore 8.2 26/E. Diſt. un 95 
14 4 | Miles, 1FE 
4 _ Tx | | By Variation 2 4 Point Weſterly. 8 
be Lat, by OT Mey. Diff, | „„ ka 
Courſe, [Hist. Lats[Dep.| D. R. bf. [Diſtance] Long, Long. in. [Bearings & Diſt 
= — ed | 42 L — 9. 
93 | 53 | | | Funchal 5 265 L 
S. zo“ W. 108 S. [W. 46. 480 1941 W, 119 W.19® 457 W. zo W Diſt yam 
— w 
The Variation being allowed on each Courſe, and the Diſtances ſummed up, as bt ps for 
fore taught, the Traverſe Table will ſtand thus : it. 
With the Difference of Latitude and De- a TN I EY ati 
parture the Courle is found S. 300 of W. and. : — — + SANE. — 
the Diſtance 108 Miles. Courſes, Diſt.) N. S. E. V. Lu. 
Dick. of Latitude 1* 33/7S. Mer. Parts. 
Latitude left 8 21 N. 2313 W. by 88. W. 43 33-2 27. um. 
4 33 } $.8, W. ZW. 39 34.4 18.4 | 
Lat. in 46 48 N. 3165 S. by W. IW. | 27 25. 8 | 7. lidd 
Sum. Lat. 25 og Mer. Diff. Lat. 138 Diff.\93. 4 Dep. 53.5 
Lat. | | om, 
Middle Lat. 47 34 The Ditt. of Long. is found by Mercator, 
90 00 or Middle Latitude Sailing to be 1 19'V, 
— — Yeſterday's Longitude 6 28. 
Com. Mid. Lat. 42 26 — 
Longitude in | 1 N. * 
E orn. 
This Day's Departure being added to the Mer. Diſtance Yeſterday, gives 10 41/ the | corr 
Mer. Diſtance to Day. iar. 
at, by 
To find the Bearings and Diſtance of Cape Ortegal, 17 1 
Latitude in 462 48% N. Mer. Parts 3185 Longitude in 70 47d. izard 
Cape's Latitude 43 46N. Mer, Parts 2926 Cape's long, 7 36V, ong 
Diff. lat. : Gene Mer, Diff. lat. 259 Diff. long. 1 dif of 
Oo — — —— 
In Miles 182 n Mil. 
— Zard 
0 . Whit - 
With the Meridional Difference of Latitude and Difference of Longitude, the direc 115 
Courſe to Cape Ortegal is S. 2 260 E. and with that Courſe and the proper Difference ler. D 
Latitude, the Diſtance is 183 Miles. ET. 
Nor. As the Table of Difference of Latitude and Departure are only calculated ! oa 
fingle Degrees, the neareſt Degree to the Com. of Middle Latitude is to be taken in work = 
ing by Inſpection to find the Difference of Longitude by, which is near enough for yl if, I. 
commonParpoſes at Sea; thus the Com, of Mid, Latitude is 429 267, for which I take 4 With 
to rind the Difference of Longitude. The fame may be obſerved in finding che Courk und 8 
made good, the neareſt Degree or 4 Degree to the Courſe is always ſet down, and wid bo 95 


be found ſuſhiciently exact. 


correct by Caſe I, as follows: 
alzard's Lat. 49% 57% N. Mer. Parts 
at, by D. R. 45 12 N. Mer, Parts 


— _——— 


ler. Diff. Lat. by Account 


y allowing for Variation and Leeway the Work will de as tolle: 
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5 1 3 
N JLee- 
K. r. | Courſes. | Winds. [Way. RTY MAE on Board, Tueſday, Apr. 24, 1792. 
5 .. W. N. WI o [Theſe 24 Hours moderate Gales and clear 
4 | Weather, 
4 At 6 F. M. law a Ship to the Weſtward, 
4 | 4 |S. W. by S. W. by N. I | 50 
214 Obſerved the Sun's Mer, Alt. at Noon 6t 40 
6 | FW WF. 
: 5 Zenith Diſtance _ 28 208. 
4 8. S. W. Welt 1 Declination — 17 oN. 
| 21 
4 Latitude 45 23N- 
10 4 | | At Noon C. Ortegal 8. 1% 21/E, Diſt. 99 M. 
51 . Variation 14 Point Weſterly, 
4A Ditt, Lat, by| Lat, by Mer. | Diff. — 
El Courſe, loin. Ile. Dep.] D. R. S108 | Diſt, Long. Lone, in Rearines and DPDiſt. 
3 | | | | | Funchal S, 28” 47 W : 
8*,o/W.l 97 Il 96 | 14 1] 45: ial 45.23 537} 060 21] 8.01 Hiſt. 873 Miles, 
2 TT | Nee 1 


Von the Diff. of Lat. and Dep. the Courſe | 5 Travers Tarr, 2 
bund S. 5% 00 W. and the Diſt. 97 Miles. | | | | $16 
Witt. Lat. 12 36/5. Mer. Parts. | Courſes. | Diſt.] N. |S. F. |W 
ade loft 45 48 N. 3163 — K eee eng 
| — 3947 JS. S. W. JW. 24 21.2 11 
. in by D. R. 45 12 S. by W. 36 35- 3 7.61 
L - Mer. Diff. Lat, 138 8. LE. | 40 39. 03.9 
dum. Lat. 92 oo — — — —— 
8 a | "A. - 
liddle Lat. 46 os nina cat. Ho 1 
99 oo — 
| — Dep. 14. 4 
om, Mid, Lat, 44 oo | 5 
longitude lett 7 . 
Diff. Long. 21 V, 


L. ongitude in by Account 3 c3 


Here the Latitude by Obſervation differing from the Latitude by Account, correct 
r the true Longitude ; and as this is the tirſt Obſer vation got ſince leaving the Land, 


3470 With the Mer. Diff. of Lat. and Diff. Long. 


3047 


— — 


423 


izard's longitude $7: 3£W; 
ong in by Account 3 


Diff, of Long. by Account 2 54 


n Miles 
Nard's Lat, 


2 iT "IP 
: 497 57'N, Mer. Parts 
Pf, Lat. 


45 23N, Mer. Parts 


3470 
3063 


. Þ 


ler. Diff, Lat. by Obſervation 


At. in 452 2 N. 


kb, . 
ho 92 Miles, 


497 


pes Lat. 43 46 N. Mer. Parts 
i. Lat. 1 37 Mer. Diff. 


by Account, the Ship's direct Courſe from 
the Lizard is found to be S. 227 22 W. or 
A 

With that Courſe, and the Mer Diff. of 
Lat. by Obſervation, the Diff. of Long. ſince 
leaving the Lizard is found 167 Miles equal 


to 22 4. 


Lizard's longitude 14. 


Longitude 10 8 0 


| 
With the Courſe 229 227 or 2 Points, the 
proper Diff. of Lat. 274 Miles, the true Mer. 
Ditt. is found 113 Miles. 


To find the direct Courſe and Diſtance to Cape Ortegal. 
Mer. Parts 


3063 Long. in 
2926 Cape's longituce 7 


137 Diff. Longitude 28 


With the Mer. Ditf. of Lat. and Diff. of Long. the direct courſe to Cape O: tegal iS 
nd S. by F. and with that Courſe and the proper Diff. of Lat. g7, the Diſtance is tons 
E 2 


— —— 
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m— — 
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= my * — — ＋ꝓ — — 


oe - Lee-|RrMArKs on Board, Wedneſday, April 25th} 
N. K. r. | Courſes, | Winds, [way. 1792. | 
2 | 3} 5 [S.byW.3W.,] Welt. | 1 fTheſe 24 Hours moderate Gales and clea 
$1 2 | Weather. 
I 
8 3 At8 P.M. ſet up the MizenTop-Maſt Shroud: 
o| 3 5 and Back-Stays, 
1:2 | | At Noon Cape Ortegal S. 14 28” E. Diſtance 
2 3 | 23 Miles, 
. | 
6 | 3 S. by W. [W.byS.| 1 
94 | 
% & WW. 
{ 121 3 Variation 11 point Weſterly, per Amplitude 
e _]Dif. Lat, by | Lat, by Diff, of | 3 
Courſe|Diſt. Lat. Dep.] D. K. | Ob. wer. Din Long. Long. in W and Diſt. 
4 | | | | | | ; | runchals. 32524 
©, 9E. ] 76 758. 12.44. 08 n 17 E. 7 417. w. Dic. 817 Miles 


With the Difference of lat. and Departure the | Taavinset Tarts. 9 
Courſe is found & . and the Diſtance 76 Miles. me IA fe 3 
Diff. lat. 10 1585, Mer. Parts Cour ſes. Diſt. N. S. mY 
Yeſterday's lat. 45 23N. youu 8.1 E. 46 5. 0 4.5 
Latitude iy 44 08 N. bag Rey Be 2 ON YL 
Sum. lat, 89 31 106 Diff. lat. 74.9 F 1.8 ; 
Middle latitude 44 45 Yeſterday's longitude 89 o. 

90 Oo Diff. longitude o 171. 
Comp. Mid. lat. 45 15 Longitude in 7 AN. 


—— — — 


This Day's Departure being ſubſtracted from the Meridional Diſtance of Teſterda, 
gives x? 41” the Meridional Diſtance of To-day, 


To find the Bearings and Diftance of Cape Ortegal. 


Latitude in 4% oN. Mer. Parts 2957 Longitude in P N 

Cape's lat. 43 46 N. Mer. Parts 2926 Cape's longitude 7 36V 
. 3 ＋— 

Diff. lat. 27 Mer. Diff. lat. 31 Diff. longitude $ 


With the Mer Difference of latitude and Difference of longitude Cape Ortegs 5 
found to bear S. 14 28/0 E. and with that Bearing taken as a Courſe, and the propet 
Difference of latitude, the Diſtance bs found 23 Miles. 


Nor. When the Tenths on any Side are more than 5, or balf a Miſe, you mult oh 
that Side one more than you found it to be; but when they are leſs than 5, then Je 
need take no notice of them: as in the above the Difference of latitude and Depariv* 
are 74.9 and 11,8, which Icall 75 and 12; becauſe the Tenths are above 5. 


But when you take the Difference of latitude and Departure to find the Courſe If 
then take them in Miles and Tenths; the ſame may be obſerved in caſting up the Kn 
Fathoms. Þ 


If when doubled, the Tenths are more than z, ſet one Mile more in the Traveſt 
Table; but it leis, amut them, as there are ne Tenths in the Diſtance Columns 
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1 2 Gt | 4 Lee-] Remarks on Board, Thurſday | 
H. [K. F. Courſes. Winds, way. April, 26, 1792. | 
HY 1 s | Weſt. S. 8. W. | 3 {Theſe 24 Hours hard Gales and 
$7: 31-59 | ſqually, with ſmall Rain—Hand- 
6 3 5 ed the Fore and Main Courſes. 
Lay to, up N. W. by N. off N. by E 5 At S P. M. ſaw a Ship to Windward 
10 [Drift 1 4 Mile per Hour W. with jury Maſts up. 
12 
2 Up N. W. off North W. by 8. 5 Set the Courſes, cloſe reefed—more 
4 [Drift 1 Mile per Hour | moderate. 
6 
ar S. W. N. W. by W. 1 W.] 4 et the Top-ſails cloſe reefed. 
wo] 5 | C. Finiſterre S. 282 z7/W. Diſt. 82 M. 
i2] 5 ] Variation 1 4 Point Weſterly, 


 —— 


* 


Lat. by] Mer. Biff. of 
Obſ. JDiſt.| Long. 


24 Fs by 
Courſe, [Diſt. Lat. Dep.] D. R. 


Long. in 33 and Diſtance. 
| | | Funchal S. 309 5 W. 
144? 04 2.6 36 | 8. z0 W.] Diſtance 799 Miles. | 


— 
„( 


eus | o | 25 


Taking the Middle Points (viz. N. by W. and N. N. W.) between the Point to which 
the Ship comes up to, and the Point ſhe fell off to for the ſecond and third Courſes, as 
taught in the Rules for lying to, and then allowing as before for Variation and leeway, 
the Traverie Table will ſtand as follows: 

With the Diff. of lat, and Dep. the Courſe! 5528 
is found S. 8192 217 W. and the Diſtance 25 M. — 


ä 


Traverss TanLs. 


Diff. of lat. 00? 048. Mer. Parts. 5 ; 1 iv I 
Yelariay's lat, 44 UN. E 
IW. N. W. 1 W. [21 | 9.1 | 

Lat, IN 44 04 N. 2951 N. N. E. ; E. 9 | 7.7 | 4. 6 
a Diff. lat. N. by E. 2 E. 9 | 8.5 3- © 
Sum. lat, 88 12 Mer, Diff. la 6 8. S. W. 1 W. 30 27, 1 
Middle latitude 44 06 e e, 
98 00 23. 327. 1 7.6 


e 23-3 


Comp, Mid. lat, 45 54 Diff. lat. 3.8 Dep. lz 5. o 


* * Departure To-day being added to the Mer. Diſt. Yeſterday, gives 20 &, the Mer, 
iſt, To-day. 

With the Courſe and Mer. Diff. of lat. the Diff. of long, is found by Mercator to be 39 
Miles, Or, with the Mid, lat, and Dep. the Diff, of long. is found by- Mid, lat, failing 36 
Miles Weſt, 

Yeſterday's longitude 70 44'W, 


Longitude in _ 8 20W 


Here the Diff, oflong, found by Mid. lat, differs confiderably from that found by Mer- 
cator's Sailing, but if the Mer. Parts were takea from a Table of Miles and Tenths it 


and the Difference of latitude is in Miles and Tenths, Middle latitude ſhould be depended on. 


; To find the Bearings and Diſtance of Cape Finiſterre. 
Latitude in 


"EA re 449 ON. Mer, Parts 2951 Longitude in $89 2o/W, 
ape's latitude 42 52 N. Mer. Parts 2852 Cape's long, 9 14W, 
Diff, latitude 92 = « 12 Pier. Diff. of lat. 99 Diff, long, 1 
nn. — 


With the Mer. Diff. of lat. and Diff. of long. Cape Finiſterre is found to bear S. 280 3 W. 


and with that Bearing zud the proper Diff, 1 . the Diſtance is found 82 Miles, 
. 


— * 1 2 
. 
a wv 


= 
2. 


ITT EE 


would agree nearer with Mid, lat, Sailing; but in all Caſes were the Courſe is fo great, 


> — — — *-- -<e © 


I 


Fs 
14 
4 
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apy e trnmaroa mar IT 1 | Leen Remanxs on Board, Friday, April ” — 
N. . | F. Courſes. Winds, way. 1792, 5 
2 | Calm, The firſt eight Hours calm and foggy, Y mo 
Y 2 
p , 
8 6 
of 3] $5 IV. S. W. South. 1 [Freſh Gales and clear, : e 
12 114 Cape Finiſterre S. 30867. Diſt, 54 M. = 
2 4 6 Hoiſted the Boats out, and tried the Cyr. 2 
4 4 8 rent, found it to ſet N. W. by N. 1 Mile 1 
1 per Hour all Day. ö 
91 f 
10 8 
12 : | 5 | | Variation 11 point Weſterly, 8 
Ly log Mi | Lat, by | Lat. by[Mer.| Ditt Long. | | — 
Courſes, |Diſt.| Lat. bey. D. R. | Ob. [Diſt.[Lon.j in. [Bearings and Diſtance, Cou 
$:799 W. | | 9 | Funchal S. 269 49 W. 1— 
| or $0® 84 | 15 | 8; | 43-49 | 43- 3413: 1911- $51 10-2 | Diſtance 7 35 Miles, 633 
The variation and lee-way being allowed on the courſe ſteered, and the ſetting of thecur. 1 


rent and its drift in 24 hours being made a courſe and diſt, the work will be as follows; 


Mil 
With the Diff. of lat. and Dep, the Courſe is Travrerst TABLE. Ship 
found S. 79 57% W. and the Diſtancce 84 Miles. e 2 ings: a6 it) 
Dith. lat, 00 x5'S. Mer. Parts. Courſes, Din N. 8. IR. . Wi 
Lat, left 86: N. 2951 5A — — Q FO) found 
| N. W. 1 W. 24 [16.1 17.8 Diff, 
Lat. in 43 4% N. 2931 s. W.by Wan 72 30. 8 (65. Lit 
Sum, of lats. 87 53 Mer, Diff, of lat. 20 16.1 30. Dey $2.9 Lit, i 
16.1 
Mid. lat. 43 56 zum 
go 300 | 
— — . Midd 
Com. Mid. lat. 46 04 en £5 Diff. lat. 14. 7 | 145 
The Diff. of long. found by Mercator's Sailing is 113 Miles, but by Mid. lat. it 1s found c 
115 Miles, equal to — — FUE a 10 55/W. . 
Longitude left — 8 19 W. 
Longitude in by Account —— — io 14 W. 


The Diff. of long. found by Mid, lat. ſtill differs from that found by Mercator's Sailing 
the Cauſe is the ſame as before, and as the Ship has made fo great a Courſe we will ſtill de. 
pend on Mid, lat. 

The lat. by Obſervation differing from the lat, by Account, I correct for the true long- 
tude as follows, it being three Days ſince I had an obſervation before. 

Mer. Parts, 


Laſt Ob. lat. 45? 23 N. 3063 With the Mer, Diff. of lat. by Account 1320 I 
Ship's lat, by Acc. 43 49N. 2931 Diff. of long. by Account 133, the direct Couris 
"rk ſince laſt Obſ. is found 8.45% 13/W. or 45 and Diff, 

Mer. Diff. lat. by Account 132 the Diſt. 187 Miles, —With that Diſt. aud the 
: . — Mer. Diff. of lat. by Obſ. 153, the Diff. Wi 
Ship's long. at 12ſt Obſ. 89 1(WV, long. is found 108, this added to the Diff of hat 2 


Sh:p's long. by Acc. To-day 1o 14 W, long. by Account 133, gives 241, which divided 


a by 2 gives the true Diff. of long. fince laſt ob. 
Diff. long. fince laſt Obſ. 3 13 121 M. nearly equal to 29 1. 


Long, in at laſt Obſ. — 
Laft. Obſ. lat. 45 23/N 3063 — 


Ship's lat. by Obſ. 432 34/N. 2910 Long, in 
Mer. Diff, by Obſ. 53 


133 
The Courſe found ſince laſt Obſervation 45 13/ isof no farther Uſe than to know what 
Caſe to correct by. . 


With the true Courſe ſince laſt Obſ. 380 200 and the proper Diff. of lat. 109, the Deb. u 
1? 26 = 1 f 3 19, | 


To find the Bearings and Diſtance of Cape Finifterre. 


Latitude in 43? 34 NJ. Mer, Parts 2910 Longitude in 105 * * 
Czpe's lat. 42 52 N. Mer, Parts 2852 Cape's long. . 1 

f — dE" — * terne 
Tiff. of lat. 42 Mer. Diff, of lat. 58 Diff, of longitude 4 ere 


With the Mer Diff, of lat. and Diff, of long. the direct Courſe to Cape Finiſterre is founl 
5. 377 57 E. and with that Courſe and proper Diff, of lat, the Diſtance is found 54 Miles. 
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} 


bl. | 
i 
1 
| 
£8 
8 
[| 
11 


—— wr” „ KEMAKRKS On Board, Saturday Ipr. 28 
. Courſes, Winds, [Way. 1792. 
127 4 5 W. 8. W. South. Theſe 24 Hours moderate Gales, wit 
41-4 {mall Showers of Rain, 
$:1-4}.95 
814 
10 4 
2 
1s. w. vy W. | $.byE 
4 3 5 90 y * + | * — * 7 = 
6 5 
; A great Swell from the 8. W. for 
19 3 þ which I allow 6 Miles. 
2| 3 | Variation 1 Point Weſt, per Azimuth. 
8 175 Diff. I. at. by[Lat, by] Mer, | Ditt, | | 
Courſe, TOY k ep. D. K. Obſ, | Diſt. [Long. Long. in Bearings and Diſtance. 
| 1 | Funchal S. 230 150 W. 
0 84 | 90 | 67 | * : | 4.26 1, 33] 11.35 Diſtant 660 Miles, 


In this Day's Work the Swell if conferred as a Current, whoſe Drift in 24 Hours 1s 6 
Miles, the allowance made for the Swell; and as it comes from the 8. W. it heaves the 
Ship towards the N, E, and the Variation allowed upon it makes the laſt Courſe N. E. by N. 
as in the Traverſe Table, | 


1 7. and the dk by Miley, —— ES LED 
Laitade left 43 IN 5 Favs Courtes. -. Ditt. W. 22 2 
E b, „ fn [Og 
zum of lat, 86 18 Mer, Diff, lat, N 69 . .. r 
Middle lat. 43 og Ne OR 5. 0 54.8 3. 370.8 

90 oO 3 Rect 
Com, Mid, lat. 46 «1 7 Diff. lat. 49. fl Dep. 67. 5 


The D. 67being added to Yeſterday's Mer. 
Diſt, gives 4® 26 the Mer. Diſt. thus Day. 


The Difference of longitude is found as before to be 1? 33/'W, 
g Yeſterday's longitude . 
| Longitude in this Day 11 35W. 


To find the Bearings and Diſtance of Funchal. 


kl Dees in 422 44/N. Mer. Parts 2841 Longitude in 112 35 W. 
le pencnat's lat. 32 38 N. Mer, Parts 2073 Funchal's long. $96 08 
id = _—_ ow — 
N lat, 606 — 10 6 Mer. Diff. lat. 768 Diff. long. 330 = 8 70 

of 7 3 N ba "IT? 
of bs Wh the Mer, Ditf, of lat. and Diff. long. Funchal is found to bear S. 2 3 15 W. and with 
ed ut Bearing taken as before, and the proper Ditf. of lat. the Diſtance is 660 Miles. 


To find the Bearing and Diſtance of the intended Port on Mercator's Chart. 
6 2 Kere acroſs Mercator's Chart, in lat. 429 447, and ſet one Foot of the Compaſſes 
2 leridian of London, and the other in Long, 119 f; W. lay off that ſame Diſtance 
4 oy Meridian of London, by the Edge of the Ruler, and that will ſhew the Ship's 
= en lay the ruler over the Ship's Place and Funchal, and take the neareſt Diſtance 
* wag OY ruler and the centre of the compaſs, flide one Foot along the fide of the Ruler, 
0 a er Foot will ſhew the Courſe to be S. S. W. Again, (keeping the Ruler as be- 
ST e from the gradual Parallel the Ditf, of lat, between the Ship and Port (10? 120 in 
* 3 altes, and fide one Foot along the Ruler, holding both Points parallel to the 
4 dig ines, till the other cuts the E. and W. lines, paſſing through the Ship's Place; 
2 between where the Point reſted, by the Edge of the Ruler, and Funchal, be- 
r * upon the graduated Parallel, gives nearly 119, or 660 Miles for the Diſ- 
r tale Fs ike Manner find the Bearing and Diſtance of any other Place from the Ship ; 
leridian 0 Diſtance between Funchal and the Ship in your Compaiſes, and lay it on the 
bee, nearly in the Parallels of the Ship and Funchal, and that will be the Diſt. ia 


* 


ene ey P | K pe . 
> or in leagues, if the Merid, is marked fo, 


N 
N 


2 
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* LL 


F 


| | Leec- RENMARKSs on Board, Sunda UA 
. . | Courſes, Winds, Way. 1792. Y, Aprilagh, g 
24s] W. by N. S. W. by 8. Theſe 24 hours freſh gales and clear v, 
4 4] 3 ther, | : 
6415 | a 
81 64 | - 
42 6 ' 10 
12 5 | | 1 
2 | 5] S${ V. N. s. s. w. IW. 2 
. x 
6| 5] 5 | | e 
3 ; 
884 $ $ | ( * 
1214 | | | {Variation 1 point Weſterly, 12 

ee 1 Lat. by] Lat. by ter.] Diff, of * 

Courſe. [Diſt .] lat. [Dep.] D. R. | Oht, | Diff. long. Fee 23 and diſtanee 


| Funchal, S. 13%, 
6.20] 2.43 14.12 [Diſtant 608 miles 


* 
— 


Weſt. | 120 | od 42.44 | 42. 30 


SY 


The variation being allowed on both the courſes, and the leeway upon the ſecond, it will 
found that the ſhip hes failed due Weſt theſe laſt 24 hours, and by ſumming up the dif; 
her whote diſtance is found to be 120 miles, which is alſo her departure; it is evident ſhe hy 
made no difference of latitude, therefore her latitude by account is the ſame as yeſterdy, 

As the ſhip has failed upon a parallel with the Equator, her difterence of longitude is f 


dy parallel ſailing, 20 43/W. 
_ Yeſterday's longitude 11 3. 
Longitude in by account 14 18W, 


The latitude by obſervation not agreeing with the latitude by account, and it being ti 
days ſince my laſt obſervation, I correct as follows by Caſe II. 

Laſt Obſ. lat. 43* 34” Mer. parts 2910 With with the Mer. diff. of lat. and diff lug 

L at. in by acc. 42 44 Mer, parts 2841 by account, the courſe fince laſt obf, is foux 

— to be S. 75 W. and the diſtance 266 miles, 

Mer. diff. lat. by account ſince laſt obſ. 69 


Long. ia at laſt obſ. too OW. | 
Ship's long. by account 14 18W, With that diſt. and the mer. diff. of |. 
obſer. the true diff. of long, fince laſt obleris 

Diff. long. by acc. ſince laſt obſ. 4 16W, vation is found to be 250 = 4 10% 
— Lug. in at laſt obſeryation 10-2), 

L aft. obſ. lat. 43? 34“ Mer. parts 2910 — 
This day's lat. by obſ. 435 300 Mer. parts 2822 Longitude in 14 1 
— — 


Mer. diff. lat. by obf. ſince laſt obſ. $8 


With the courſe ſince laſt obſervation S. 502 300 W. and the proper diff. of lat. 64 mis 
the departure (or Mer, Gift.) ſince laſt obſervation is found 181 miles, equal to 301 : 
Mer. diſt, at laſt obi. 3 1" 

— 


True Mer. diſt. this day 6 20h, 
— 
To find the bearings and diſtance of Funchal in Madeira. 


Latitude in 420 30 N. Mer. parts 2822 Longitude in 14 12 N. 
Funchal's lat. 32 38 N. Mer. parts 2073 Funchal's long. 17 * 

— — 
Ditf. lat. 592 - 9 52 Mer. diff. lat. 749 Diff. longitude 2 5 = 


— 


F 
With the Mer. difference of latitude and difference of longitude the bearing of Fence 

found to be S. 13 W. and with that bearing taken as before, aud the proper diff, vf l. 

ue diſtauce is found 608 miles. 
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— — 2 
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Lee-|ReMAnks on Board, Monday, April oth „ 

H. k. | F. courſes.“ Winds. way, 1792. 

2| 8 8. S. W.] N. W. by W. Stiff gales, with ſhowers of rain. | 
4 | From 2 P. M. fair weathas aid moderate 
1 gales, 

8181 5 

10 8 5 1 

. 

21 9 0 | 

4| 6] o| $.3 . [S.W by W. IW. 1 

v4 £1 X | 

of $15 | 

10145 | 

2| 5 


— 


| 


|. | | 


Lat. by] Lat. by] Mer. 


Variation 1 point Weſterly per Amplit. 


bit Diff. | | | | 
Courſe. Diſt. Lat. Dep.] P. R. | Obſ. | Diſt. | Long. [Long. in. [Bearings & Diſtance. 
x | Ts Funchal S 1382 10. 
South, | 170] al 9 10 39. we 6.20 | 14-12 [Diſtant 444 Miles. 


| Travers: TABLE. 


5 
Leſterday's lat. 422 zo'N. 3 | 
Pitt. lat. 3.46.3 Courſes. pift. N. 8. RH Es £ 


1 Py 8 


at in by Account 39 46 N. S. by W. 118 115. 


Wee eee ee 


Ditf. lat. 164.5 | 23.1 | 23.0 


Proper allowances being made for variation and lee-way, it appears from the Traverſe 
* Table that the hip has ſailed due South 1641 miles, and as ſhe made no departure, her 


ys longitue in and mer. dift. is the ſame as Yefterday ; but as by obſervation the ſhip is found 

— lo be in lat. 399 40 N. it is plain ſhe has got 6 miles a-head of her reckoning, which 6 
ju being added to the diſtance by D. R. gives the true diſtance and difference of Latitude 
"© above, 


mts 

11 | To find the Bearings and Diſtance of Funchal. 

1 3 in 39 40 N. Mer, Parts 2597 Longitude in 14 . 
* Funchal's Lat. 32 38 N. Mer. Parts 2073 Funchal's long, 17 55 W. 
0% — Xe Fe . 
——- !:. ;:: 3 2 Mer. Diff. lat. 524 Diff. long. 1732 2 53 


— 


* * 


"ale the mer. diff. lat. 524, and the diff. of long. in miles 173, the direct courſe rg 
10 = is found S. 182 1&, or 18 W. and with that courſe and the proper diff. of lat. 427 
e diſtance is found to be 444 miles. | 
— a parallel of lat. through 390 40“ on the variation chart, cuts the variation lines in 

15 in longitude 140 of W. which confirms the longitude by account. 
de Variation charts might be of great uſe were they drawn upon a large ſcale, and the 


ines FS. . EN” . 4 8 
al " 8 variations well laid down, but as the variation in moſt places is continually alter- 
"ak 4 Enders them in a few years uſeleſs; I would therefore advite he Mariner to truſt 
| A "hae his reckohir z and lunat obſervations, ſince the theory of the variation is nb: 
t known, 
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] Lee-|REMARKs on board, Tueiday, Maj 
HK. F. Courſes. Winds. [Way. | 1792. TI 1 
1 HE | 1 — i 
2 - S. S. W. 41 W. W. by N. 4W| + [Freſh gales and clear weather. B 
4 1 
6 8 5 
8 8 5 
10 8 | Boatſwain and people emplaged mend. 
12 | SS % ing the mizen ſtay-ſail. 
2 8 4 
4] 8} 4} 
BEAM 
81 8 |: 6 | 
WIS: 2 | | Variation 4 point Wly. per azimuth, 1 
5 — ry by| Lat. by] Mer. | Ditt. EY l. 
Courſe. Diſt.¶ L. at. Dep.] D. R. | Obſ. | Diſt. | Long. Long. in. B and Diſt. oy 
x | 4d | | | | | Funchal 8.190337. 
IS. byW.zW. 192] 184] 56 | 36.29] 36. 360 7.17 | 1.11 | 15.23 [Diſtant 253 Mile, 3, 
By examining the Log-board it appears that the ſhip has failed S. S. W. 3W, 200 Mile, 85 


Latitude left 39? 4o'N TRAVERSK TARLE. u 
Diff. latitude 3 1. 73 — 1 f 
: 0 N. Courſes. bia N. * Iv. Mil 
Lat. in by account 3 9 — ä ́¶᷑—ͤÜͥ || Yeſ 
S. by W. 3 W. 200 Diff. lat. | 191, 0 Dep. 38.5 Diff 


The latitude by obſervation not agreeing with the latitude by D. R. 1 correct as follow 
by Caſe 2 | | veſt 


With the courſe one point and a half, and the diff, of lat. by obſ. 184, the diſt, is fon 
to be 192 miles, and the dep. 56, which being added to the mer. diſt. yeſterday 69 21'V, 
gives the mer. diſt. to-day 0 17'W, 


Yeſterday's latitude 399 4o'N, Mer. parts 2597 
This day's obſ. lat. 36 36 NM. Mer, parts 2363 
N ©. — Mid, 
Sum of latitudes — 76 8 Mer. diff lat. 234 
Middle latitude 38 8 
90 oo 
; N w; 
Comp. mid, lat, $1--$3 90 ; 
The diff. of long. is found by Mercator or mid. lat, 19 11/W, 
Yeſterday's long, 14 12 W, to-da) 
Long. in this day 15 23 of lo! 


To find the bearings and diftance of Funchal, 


Latitude in 36? 36'N, Mer. parts 2363 Longitudein 1922 

Funchal's lat. 32 38 N. Mer. Parts 2073 Funchal's long 17 9: 
— 3 Latitu 

Diff. lat. 238 = 3 58 Mer. diff. lat. 290 Diff. long. 103 2 1 43 Funch 
— — — — —— —_—_—_ 


Diff, I; 


With the mer. diff. of lat, and the diff. of long. the bearings of Funchal is found, # 


with that bearing and the proper diff, of lat. the diſtance is found 253 miles, Wit 
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| | Lee-|REMARKs on Board, Wedneiday May 
Courſes, Winds, Way. 2d, 1792. 


N 


W. by S. FW. S. by W. IW. Z Theſe 24 hours moderate weather wit 
rain. 
W. S. W. IW. s. 4 W. 


W. S. W. South. 4 


S. W. by W. | S. by k. 


wa mm + mA ng tt 1 nw | = 


+ on on wn nm nin we eq 


— we 


| Varia, 3 P. M. per equal alt. of the ſun. 


| 


24 Lat.by|Lat. by] Mer, | D1tt. ot | Sh 
Courſe, loin.) La. Dep.ID. R. | Obſ. | Diſt. | Long. | Long. in [Bearings and Diſt, 


Funchal 8. 35 4%. 


| Yeſterday'slat, 360 36/N, M, parts 2363] W. W. 


8. 659 W. 5 50 | 108 35. Ny GX 3.13 | 17 36 |Diſtance 190 miles. 


With the diff, of lat, and dep. the courſe 
i found S. 68 10 W. and the diſt. 118.6 


8 


1 


TRAVERSFT TABLE. 


Miles. | 

, , / 

bf "* It, vn 36 7 * Courſes. Dig. N. 8. E. 
W. by S. XW. 2 4.0 26.7 

Lat, by acc. 35 82 N. W. S. W. A W 31 6.4 3 


S. W. by WIA W.] 43 18.4 38. 9 
19 „it. 15-3 


Obſ. lat, 35 46 N. M. parts 2301 


| Diff. lat. 44. 1 Dep. 110.1 


— 


Diff. lat, by obſ. 50 M. diff. lat. 62 


Sum lats. 72 32 


Middle latitude 36 11 The latitude by obſervation not agreeing with 
90 oo the latitude by account, I correct as follows, 
by Caſe III. 


Comp. mid. lat. 53 49 


With the proper diff. of lat by obſ. 507 and the diſtance 118. 6 the true courſe is found 
65® og, and the departure 108 miles nearly. | 
The departure 108 being added to the mer, diſt. yeſterday, gives 99 5'W. the mer. diſt. 
to- ay, 
With the comp. of mid. lat. and dep. or with the courſe and mer. diff. of lat. 627 the diff. 
of long. is found by mid. lat. or Mercator's ſailing to be 133 miles = 29 13/ . 
Yeſterday's longitude 15 23/W. 


Longitude in — 17 36 W. 


To find the bearings and diſtance of Funchal in Madeira. 


Latitude in 352 46 N. Mer, parts 2301 Longitude in 17 3&'W, 
Funchal's lat, 32 38N. Mer, parts 2073 Funchal's long, 17 oß W. 


— . 


Diff. latitude 1 8 Mer. diff. of lat. 228 Diff. long. 31 


——ͤ ————— 
— 2 ” 
—— * 


— 


— — 


45 


is found x go miles, 
ee 


— 


— — 


With the mer. diff. of lat. 228, and the diff. of long. 317, Funchal is found to r $. 99 
E. and with that bearing (taken as before) and the proper diff, of latirude, the diſtance 
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— REMARKS on board, Thuriday, May 3a 1 
H. K. F. Courſes, Winds. [way. 1792 | * 
e ee ee Ma et] 
1 6 6 |S. by E. ZE, S. W. TW. + [Theſe 24 hours moderate gales and cley 
F | weather, 
| 61 5] 8 
8 5 8 
10 5 8. 8. E. 8. W. 1 
3: SR 
8337.3 | 
455 JS. S E. F E. IS. W. by S. IWI Z | 
6 5 5 | 
8 5 5 | 10 
1035 68. E. by E. 8. W. by 8. 1 1. 
i Variation 3 point Weſterly, wo 
me] 2 by Lat. by Mer. ] Ditt. ( 
Courſe, [Diſt.|\Lat.|Dep.| D. R. | Obſ. Diſt. [Long. Long. in [Bearings and diſtance. _ 
| 1 wa | | | Funchal S. 34 1; V. 8.3 
S. 352 3o'E.| 135] 110] 58 [34.01 | 33.5617.47] 1.35 | 16.01 [Diſtant 94 Miles, _ 
With the diff, of lat. and dep. the courſe is | 1 
found S. 372 48E. and the diſtance 133 miles. 8 
Yeſterday's lat. 35? 46'N. fs — —— — | * 
Diff. of lat. 4 | Courſes Pi . | 5. E, bas! * 
diff 
Lat. by account 34 oN. S. S. E. à E. 48 41.2 124.7 = 
S. E. bysS.4E.| 31 24.9 [18.5 run 
Odſ. lat. 33? 50% N. M. parts 2167 8. E. by S. 2E. 33 24.422. 1 
Yeſterday's lat. 35 46 N. M. parts 2 301 | S. E. 3 E. 22 14. 8 yy nov! 
may 
Prop. diff. lat. obſ. e -20; Ga. - 4 34 Diff. lat. 105. 38.18. Der. plea 
Sum of lat. 69 42 
Middle latitude 34 51 The latitude by obſ. differing from th! n 
90 oo latitude by account, I correct as follows, N f 
Caſe II. 8 
Comp. mid. lat. 55 o9 : 
. 6 
With the diff. of lat. 110 and the diſt. 133, the dep. is found to be 75, which being added 5 
to the former dep. 82, gives 157, half this ſum is the true dep. 78 miles; With the diff, of ba 
lat. 110 and the dep. 78, the true courſe is found S. 35® 200E. and the diſt. 135 miles. * 
| 2 
The dep, 78 being ſubſtracted from the mer. diſt. yeſterday, gives 747 W. the mer. dif 4 
chis day. 6 
The diff. of long. is found by Mercator, or middle latitude ſailing, to be 1? 35. $ 
Yeſterday's longitude 17 36V: 10 
— 12 
Longitude in 16 ot W. 2 
01 
To find the bearings and diſtance of Funchal in Madeira. 
— 
Latitude in 33? 560, N. Mer. parts 2167 Longitude in 16 * 
Funchal's lat. 32 38 N. Mer. parts 2073 Funchal's long. 17 $" | 
. a . 04 tak 
Diff. lat. 1 18 Mer. diff. of lat. 94 Diff. of long. 3 moſt 
| — IN. 


? 
With the meridional difference of latitude and difference of longitude, | 
o Funchal 1s S. 349 15 W. and with that courſe and the proper ditterence of latitude, 
iſt. is found 94 miles. 


the direct a 
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_ Lee-] REMAREKSs on Board, Friday, May 4th, | 
H. K. F. Courſes. Winds. [Way. 1792. | 
2 s| 5| S. W. 28. E. by N. Moderate Gales and hazy. 
113 5 At 6 P. M. more clear, ſaw Porto Santo 
I | E, bearing N. W. about 9 or $ leagues. | 
+8 5 At 10 P. M. ſaw Madeira, bearing S. W. 
10 4 by S. Diſtance 15 leagues. | 
121 4 E. S. E Clear Weather. 
2] 4 | At 10 P. M. came to Anchor off Funchal, 
14 N. E. the Weſtermoſt Point W. by N. the 
414 | Loo-Rock N. by W. the Brazen Head! 
$1 4 E. by S. the Deſerters from E. to S. E. | 
101 4 | Diſtance about 9 leagues, 
12 | | Variation 3 Point. 
—.— Lat. by] Lat. by] Mer. 
Courſe. Ibias. w D. R. | Obſ. | Diſt. [Diff. Long. | Long. in. "A and dift. | 
| 
rpg 95 E 00 | 8. 40 | 1.3 - 17.4 N N. 1 Mile. | 


The Variation allowed upon the Courſe, and alſo upon the bearing of the land taken 
at ten o'clock, being put into a traverſe table, and the diſtance run upon each courſe, 
with the diſtance you are from the land, will give the diſtance and difference of latitude 
and departure as above; with the complement of the middle latitude and departure, the 
difference of longitude is 63 = 1®? 3/, which added to 169 17 the longitude in yeſterday at 
noon, gives 1794, the longitude in by account; and as it agrees with the longitude of 
Funchal in the table, I conclude that my reckoning is juſt, and Funchal well laid down. 

The ſhip's place in the preceding Journal is pricked off, and the bearing and diſtance at 
noon are alſo found by the Chart, in order to ſhew the young Navigator the method, and 
may be done with a black lead pencil, which he may either let ſtand or rub out when he 
pleaſes, 


Between May 4th and the 25th, lay moored in Funchal Roads, Madeira, 


— 


| Lee-| Remarks on Board, Monday, May 27, | 
H. ] K. F. | Courſes. Winds. [way. 1792. 
2 . Freſh breezes and clear. At 4 P. M. un- | 
4 moored ſhip and hove in to 4 of a cable 
6 on the beſt bower. 
8 
t by 
12 Light breezes and clear. 
| 2 At 6 A. M. weighed from Funchal Road 
: 4 and made fail. Lat. obſ. 329 10'N, 
| 6 Variation18® zo/W, 
$ 
10 Ditto W. at noon the Southermoſt Deſer- 
12 ta N. W. 4 or leagues. 3 
| I Diff. Lat. by| Lat, by| Mer.}Diff. off Long. | 
Courſe. [Diſt.] Lat. Dep.] D. R. | Obſ. [Diſt.] Long.| in [Bearings and diſtance, 
| | | 320 10! Southermoſt Delerta 
| Kt N. N. W. 5 leagues, 
; | 4 „ 
. 8 
* | Travers: TarLr., | 
"take my departure from the Southern- | 
2 "oft Deſerta, which lies in latitude 32? | 
IN, long, 160 25%E, 
5 r 
Cc2 
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5 | 85 Lee-(Rumanes on Board : ay 25th. 
H. K. F. | Courſes. Winds, way. | ae x * "A 
2 6:1 2:1 $.-&W; N. N. E. Light breezes and clear. Variati 
« . Uo 
bsw. amplitude 18 zo W. he 
2 
8 2 
10 2 
12 Calm, Made and ſhortened ſail occaſionally, 
2 4 | 4 |S.S.W.432W.]| W. N. W. 
. 
6 6 
1 N. W. Freſh breezes and clear, Set ſtudding gil; 
12 | 4 en | Lat. by obſ. 300 31/N, 
| | | 1 2 Lat. by —4 Diff. of | 5 
Courſe. Diſt. lat. [Dep | D. R. | Obſ. Diſt, long. [Long. 3 and diſtance. 
| | | | | * | | | Salvages, 8. 344K. 
8 10300 E. 100] 99 2. 730. 3 NI Zo. 3 NI 2.7 z milesE. 16% 2 W. Diſtant 28 miles, 


By taking my departure from the 
ſouthernmoſt Deſerta, which is in lat. 


= 18 N. long. 16.25 E. and bearing 
rom me yeſterday at noon N. W. 5 
leagues; 1 find the courſe anſwering 
to that bearing, corrected for varia- 
tion, to be S. 630 E. diſtant 15 miles; 
which I have ſet down in the Traverſe 
Table as a courſe, 


TRAVERSE. TABLE, | 

Courſe per Courſes | | | 
log. corrected. Diſt.] N. S. | E. I W, 
. . S. 63z*E. | 15 6. 813. % 
S. S. W. S8. W. 13 12. o 0. 
8. S. W. IW. ] S. 7 W. | 81 80. 4 9.9 
Diff. Lat. 99. 2 12-4 10. 
10. — 

[Dep. 2.7 


With the difference of latitude and departure the courſe is found to be S. 1 zo, 


diſtant 100 miles, 


With the com. mid. lat. the diff. of long. is found to be 3 miles. 


Diff. lat. 19 39'S. 
Lat. left 32 10 N. Mer. pts. 2040 


Lat. in 30 31 Mer, pts. 1924 


Sumlats.62 41 


—ä — 


Mid.lat. 31 20 


— 


Co. m. lat58 40 


With the mer. diff. lat. and diff. long, the Salvages is found to bear 8. 34 42 


28 miles. 


23 


—— Lat. Salvages 30 80 N. Mer. pts. 1898 Long. 
Mer. diſt. 116 Lat, in — 3o 31 N. Mer. pts. 1924 Long. in 16 25 


26 


16 { 


— 


18 


E. diſt 
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8 ; Leer-“ REMARKS on board, Wedneſday, | 

H. K. F. Courſes. Winds. Way. May 28, 1792. | 
—_ OW N 9 
© 16 South. Weſt. Freſh breezes and clear, All ſails | F 
4 6 2 {et. | 9 1 
6 5| © | 1 
irn Variation 189 weſt. 1 
* , , | fl A 
4 | 7 
$7-81 4 S. by W. W. by N. Freſh breezes and pleaſant weather. KA 
443 Two fail in ſight, | 1 
6 4 
$ - I | 7% 
73-14 Light breezes and cloudy, In ſtud- 1 
121 2 W. by S. Jing ſails. Lat. obſ. 282 487 N. | ( 
"L8H Bin. Lat. by. Lat. by| Mer, | Diff. | | F 
Courſe, un "9 D. R. | Obſ, | Diſt. [Long, | Long.in.|Bearings and diſtance. iP 
| | Sta. Cruz, Teneriffe, S. 1 
5. 1E. = — 26 |-2.45N(28.489| 29 E. |[2gmile[15. 53W. [4722 3'W. Diſt. zomiles| "1 


__ 7 


TRAVERSE 'LABLE, 


; 1a. |Courſesper| Courſes | | | 
Courſes being corrected for varia- | ; | 
tion, I find by the Traverſe Table, the log. corrected. [Diſt.| N. S. F. IV. 
direct courſe of the ſhip to be S. 14. ——— — — 
and the diſtance 107 miles. 
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= > q -2 
_— 
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5 


South. S. 18? "AL 67 63712 
S. by W. S. NE. 4 40.7 


wo 


7 
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ä 
—C__ il... Ma. * — ——_ 
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Diff. lat, 1 04. 4| 25.7|Dep. 


TR 


„ 


Diff. of lat. 14478. 
Lat. left 30 31 N. Mer. pts. 1924 


1 


— 


1 


Lat. in 28 47 N. Mer. pts. 1805 


Mer. diſt. 119 
Sum of lat. 59 18 Lat. Teneriffe 28. 27 N. — 1782 Long. Tene. 16187 W. 
Lat. in — 28. 47 N. — 1805 Long. in 15 53 W. 


— 
— 


1 3 TY 
* ww 2 82 E 

- P 
N 


— 
88 


Mid. lat. 29 39 


Diff. lat. 20 Mer. p. 23 Diff. long. 25 
Co. mid. lat. 60 21 


e 


With the comp. of mid. lat. the diff. of long. is found to be 29 miles. 


2 


With the mer. diff. lat. and diff. long. by Mercator, the Bay of Santa Cruz in Teneriffe is 
8.47. 23 W. diſt, zo miles. 


* 
Oe LIES: _ 
— 7 


* 


— ——[—¶ů —ů — — — 
2 2 | 
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As this Journal is only intended to ſhow the learner how to keep his reckoning at ſea, ths 
tue variation is not particularly attended to, 
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— —— 


The courtes Ls corr ected for one 
point leeway, and 182 W. variation 
all theſe 24 hours, I tind by the Tra- 
verſe Table the direct courſe of the 
ſhip to be S. 23® F. diſtance 20 miles. 

Diff. of lat. oo 18'S 

Lat, lett — 28 148 N. 


I. at. in — 28 yo N. 


Sum lats, — 57 18 
Mid. lat. — 28 39 
Com. mid. las. 61 21 


Ln Lee- EI Eta: 
IX. I. | Courſes. ere way Nr u unt on Board, Thurſday May 29, 1792 
2 3 | 4 S. S. E. . 1 point. Freſh breezes and cloudy, 
4 3 
6 2 4 Handed top-gallant fails and in firſt reef top 
934 2 fails, At 6 the Peak of Teneritte hore hy 
10 3 compats W. S. W. 
12 2 4 W. N. W. Ditto. 1 Freſh breezes and clear. Variation 182 w. 
$1 8-1-4 
4 2 Set top-gallant fails, Hazy with rain, Ng 
6 ? land in tight, No obſervation, 
$ 3 Light breezes and clear, 
S131 4'8 S, S. E. Ditto. 1 [At noon made Teneritte, bearing W. by y, 
12 £4 diſt. 12 leagues. 
1 Lat. . by Lat. by} Mer, | Diff. | ge 
| Courſe, | Diſt.|Lat.]Dep.| D. K. Obi, | Diſt, Long. [Long. in Bearings and dift 
| | | Sta. Cru uz, 2 e enceritte, ö. 
S. 252 F. 20 [18 8 28. ol 37 F. om. K. [15.43W. $4226 W. Maze 


Fan 3 Ln "oh 
Courſes per] Courſes | | | 
log. corrected. Diſt X. S. E. y 
S. S. E. S. 5 E. | 30 | 18. 523.0 
W. N. W. N. 7% W. 24 | 6,6 23.1 
S. S. E. 8. 33 E. ie 6. 2 7.9 
6. 624. 71. $123.1 
6.6/23.1 
| Ditt. lat. 18.1 (ep 


- 


With the comp. of mid. lat, the ditt. of long. is found to be 10 miles; and the bearing 
and diſtance of Santa Cruz by mid. lat. is found to be S. 849 3G W. diſt. 31 miles. 


Lee-|R:eMAKKs on board, Friday, May Joth, 
Way. 1792. 


Light breezes and clear. Made all fail, 


At 5 the eaſt end of Teneriffe N. W. 
4 miles; at 7 anchored in 9 fathom 
in Santa Cruz Road, the town of 
Santa Cruz W, by N. + a mile, 

Variation 17 zo“ weſt 

At 8 A. M. hoiſted out the boats and 
went on ſhore to wait on the Cos. 

| Moored thip with the tmall how erte 

the S. W. in 19 fathom and ſtream 
anchor to the N. E. in 110 Fathom. | 


Ditt. 
Long. 


Mer. 
Diſt. 


Long. in. ue. arings an and D! Dit. 


N ; 
K+; Courſes. Winds. 
AN w. by N. [S. S. E. 
4 5 4 
3 6 
8 
10 
52 Variable. 
2 ö 
4 | Weſt. 
16 
8 
| 10 | | | Calm. 
12 South, 
| Diit. 1. at, by] Lat. by 
Courte. © L. at. Dep D. K. | Obi. 
| 5. 8,4? W. | 1 F 33 „ 


Jani. zy m. 


At anchor i in u Santa 
1692:0'/W. [Cruz Rd „Teneriffe. 


The courſes being corrected for 
15? 307 W. variation, I find by the 
Traverſe Table the true courſe to be 
S. 84 W. diſt. 33 miles. 

r — . 

Lat. left — 28 3o N. 


Lat. — 28 27 
Com. mid. lat. 61 33 


Wan the com. of mid. lat, the diff, of long. is 37 miles. 


1 — — — — 
| IRAVERSE IAI. k. 8 es 
Courſe per | Conries 88 8 
log, | corrcected. Diſt.] N. | S. E. . 

| ——7 

W. by N. 8. 84 W. 334 3-4 — 

— 
Diff. lat. 3. 4 Dep. 3. ö 


| | 
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The Method of finding the LArIruDE at SEA, by taking tuo 
Altitudes, either in the Forenoon or Afternoon, having the 
intermediate Time mecſured by a common Watch, with Eaſe 
and Accuracy, independent of the Sun's Meridian Allitude. 


GENERAL RULES. 


iſt, O the ſecant of the latitude by account, add the ſecant of 
the ſun's declination, ( ein their indexes) and call 
that ſum the logarithm ratio. * 


2d. From the natural fine of the greateſt altitude, ſubtract the 
natural ſine of the leaſt altitude, and find the logarithm of their dif- 
ference, and write it under the logarithm ratio. 


2d. Subtract the hours and minutes when the altitudes were taken 
from each other, and half the difference call half-elapſed time. 


4th. With halt the elapſed time enter the tables, and from the 
column of halt-elapſed time take out the logarithm anſwering there- 
to, and ſet it down under the logarithm ratio. 


5th. Add theſe three logarithms together, and with their ſum 
enter the tables in the column of middle time, where, having found 
the logarithm neareſt thereto, take out the time correſponding to it, 
and put it down under halt the elapſed time. 


6th. Subtract the leſs from the greater, and the difference will 
be the time from noon, when the greateſt altitude was taken. 


7th. With this time enter the tables, and from the column of 
riſing, take out the logarithm correſponding to it; from this logarithm 
ſubtract the logarithm ratio, the remainder will be the logarithm of 
a natural number, which, being found in the common table of 
logarithms, and added to the natural fine of the greateſt altitude, 
will give the natural ſine of the ſun's meridian altitude. 

Having the meridian altitude of the ſun at noon, the latitude is 
tound by the uſual method. 


N. B. If the latitude, found by the ahove proceſs, ſhould differ 
widely from the latitude by account, it will be proper to repeat the 
operation; uſing the latitude laſt found inſtcad of the latitude by 
account, till the reſult gives a latitude nearly agreeing with the 
latitude uſed in the computation. 


* The arithmetical comp. of the co-fine of any angle is equal to the [logarithmic 
ſecant of that angle, omitting the firſt figure in the index; thus the ſecant of 400 30 
t5 10, 16487, and omitting the firſt figure 1, leaves o. 16487, the {ecant lets radius 
or the arithmet, comp. of co-ſine 469 500. 

E X AM- 
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EXAMPLE I. 


Jeclination was 115 17” N. at 10 H. 2 M. in the forenoon, the ſun's 
Attitude was 46 55 and at 11H. 27M. in the forenoon, the ſecond 
altitude was 54 9'. Required the true latitude, and true time of 
the day when the greateſt altitude was taken? 


Times. 


H. M. s. Lat. 46" 50. Secant — 0.16487 
1127 0 
10 2 © Dec. 1117 Seceant — 0.00848 


El T. 1 25 I Added gives the log. ratio 0.17335 


El. T. o 42 30 : : 
The ſun's gr. als. at 11 H. 27 M. is 54 of Its nat. ſine 77055 


r. 
| The ſun's Teal alt. at 10H. 2 M. is 46 55, Its nat. fine 7303 


The remainder of diff, of nat. ſines 8019 


— 0.17335 


Log. ratio — — 

The common log of the diff. N. E. 8019 3.90412 

In the tables in col. 4 ela. time for 42 M. 30 S. is 0.7 3429 

Their ſum of the log. in middle time _— 4.81 176 
II. M. 8. 

The H. M. &c. for which by the new tables is I 15 30 

Subtract haif-elapſed time — 42 30 


riſe to the meridian when the greateſt altitude 
was taken 


The diff. is the true ſpace of time the ſun had to 
© 33 00 


; H. M. 
Time per watch 11 27 
dub, from 18 8 


o 33 Finding they agree, the watch is right. 
| Enter the tables with 33 M. 3 col. of riſing, and 7 ; 


you will find the log. $-01498 
From which ſubtract the log. ratio _— 0.17335 
To the natural number of which is 094 — 2.84153 
o the natural fine of the greateſt alt. — , bn 55 
Add the natural number of the above log. 694 
The ſum is the natural ſine of the ſun's meridian ii TEES 
aide, 54 $0 "I 

The natural fines are found in table XVII. 

The half-elapſed time, &c, in table XVI. 


Dd The 


Being at ſea in latitude 46? 50 north by account, when the ſun's 
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go" © 
54 50 
The ſun's zen. diſt. 35 10 By obſerving the ſun's merid, alt, 
The ſun's declination 11 17 the ſame day, the lat. was found 
to be 40 28” N. 
Lat. — 46 27 


EXAMPLE II. 

Being at ſea in lat. 47 197 N. by account, when the ſun's decil- 

nation was 12* 16“ N. at 10 H. 24 M. A. M. per watch, the ſun's 

alt. was 49* 9, at 1 H. 14 M. P. M. his alt. was 51 59“. Requirel 
the latitude? c 

H. M. 8. 

8 

10 24 O 

—— Alt. Nat. S. Lat. 47 197 9.10880 

1 36 o 49 o 75642 Sun's decl. 12 16 0.01003 


114 © 51 59 78783 


— - Log. ratio 17883 
Ela. T. 2 50 O Diff. N. S. 3141 Its log. 3-49707 
1 El. T. 1 25 o Its log. in col. of half elapſ. time is 0.407 
Sub. o 15 © Col. of mid. time correſponding to 4. 1100 
Tr. Ti. 1 10 © Its log. in col. of riſing is 3.665412 
T. p. W. 1 14 © Log: ratio ſub. — 0.1780; 


— 


Wat. faſt o 4 O 3066 the nat. num. of this log. 3.48659 
N. S. Sun's gr. alt. 78783 90 o 


N. S. S. mer. alt. 81849 = 54 56 
Sun's zen. diſt. 35 4 
Sun's decl. — | 12 16 North. 
Lat. in 47 20 North. 


Here the latitude found by computation may be relied on, 35 1 
differs but one mile from that uſed in the operation. 


EXAMPLE III. F 

Being at ſea in lat. 50? 4o' North per account, when the {uns 
declination was 20? © ſouth, at 10 H. 17 M. A.M. per watch, 
the ſun's alt. was found 177 13“ at 11 H. 17 M. A. M. per watch, 
it was found 1941“. Required the Jatitude ? * 
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Times. Alt. Nat. 8. Lat. 50 40“ 0, 19803 
Decl. 20 00 0,0270r 


H. M. s. 
10 17 © 17 13'==29599 | - _ 
11 17 © 19 41==33082 Log ratio O, 22504 


— mm —m— —— 


Ela. T. 1 © O Diff. N. S. 4083 


Its com. log. 3, 61098 


— 


El. T. o 30 © lts log. from col. half-elap. time is o, 88430 


I 10 In col. of mid, time correſponding to 4, 72032 


— 


Tr. time o 31 © From noon, its log. from col. of riſ. 2, 96067 


T. p. W. O 43 © Log. ratio ſub. O, 22504 
W. flow O 12 © 544 N. num. of 257 3503 
— — 33682 N. S. greateſt alt. 
90 of — ; 
20 I 34226 N. S. of ſun's mer. alt. 20? 1 
Zen. Kü. 69 50 
Decl. 29 0 8. 
| Lat. 49 59 N. 


But as this latitude differs 41 miles from that by account, it will 
be proper to repeat the operation, uſing the lat. laſt found inſtead of 
the lat. by account. 


H. M. 8. x. 49? 50“ 0,19178 
z Elapſed time © 30 © Decl. 20 G 0,0270 
8: 400: I: mY 
— — Log. ratio o, 2187 
True time o 30 © 3,0109 
Time per watch © 43 © .  0,88430 
S H. M. 
Watch ſlow O 13 0 In col. mid. T. 1 © 4571407 
True time o 30 0 Its log. in col. of riſing is 2,9 3223 


Log. ratio o, 21879 


517 Nat. num. of 2,71344 
33682 Nat. S. gr. alt. 


V., S. ſun's mer, alt, 34199=20? O 


Zen. diſt, 70 O 
Decl. 20 O'S 
The lat. 50 © north. 
D d 2 The 
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The latitude laſt found, differing only one mile from that ud in 
the Operation, may be depended on as the true latitude, Hence n 
is plain, that the operation is repeated with very little additional 
trouble, but few alterations being neceſſary. 


EXAMPLE IV. 


Being at fea in the latitude of 60” o' north by account, when the 
ſun was on the equator, and conſequently had no declination, at 
1 H. o M. P. M. per watch, his altitude was 289 53“, and at 3 H 
oO M. P. M. per watch, it was 20? 42“. Required the true latitude: 

Times. Lat. 60" o'=0, 3010; 
H. M. s. . Dec. o © =0,00000 


1 © oO 2B 5348303 — 
3 0 © 20 42235347 Log. ratio 0430103 
Elap. T.2 © 0 12956 Its log. 4,7124 
El. T. 1 o © Its log. in col. of 1 Elap. time 0, 58709 


——— — 


2 © © Its log. in col. of mid. time 5700055 


© Its log. from col. of riſing 3, 5324} 
0 og. ratio o, 30103 


— N. num. 3,23140 
3 


go O1 Ts 
Nat. S. Sun's mer. alt. 50007 309 O Sun's meridian alt. 


— — —— 


60 o Latitude 


The latitud2 by computation, coming the ſame with the latituc 
by account, ſhews that the latitude by account was right. From 
the foregoing examples it is plain, that the operation is the ſame, 
whether the ſun hath north or ſouth declination. And it will be 
the fame whether the ſhip is in a north or ſouth latitude. It is ao 
clear, that when the ſum has no declination, the ſecant, rejeQing 
the index of the latitude is the log. ratio. 


EXAMPLE V. 7. 

Wanting to go through the N. Channel among the Maldives, and 
by account being in latitude 7* 40, N. the declination being then 22 
47 N. at 7 H. 25 M. 40. S. A. M. the true altitude of the ſun' 
centre was 22 3o', and at 10 H. 31 M. 48S, A. M. it was founs N, 


0329 40“. Required the ſhip's true latitude ? 


Times itn 


THE LATITUDE AT 8EA. 211 


Uu. M. s. Alt. Nat. S. Lat. by ac. 59 40 0,00390 
7 25 40 22 30 3826 — - 


— Log. ratio 0,03918 

Flap. T. 3 6 8 51355 Its log. 4.71058 

El. 7. 1 33 04 Its log. in col, of elap. time is o, 40308 

3 1 30 H. M. e. — — 

— 9831 30 55344 

True T. 1 28 26 Its log. in col. of riſing is 3.36709 
T. p. W. 1 28 12 Log. ratio 0,0 3918 

| W.flow © O 14 6728 Nat. num. 3,8271 

go © 89623 N. S. gr. alt. 


Mer. alt. 74 29 


- * 5 


96351 N. S8. Sun's mer. alt. 74 29. 


* * — 0 — + * . — = - . * — K - 
- \ —”, + >< X . - *% A ==” wr” N 1 = ow — — * 
— : r e = n - - — * — 8 < — 1 
— _ — - _ 5 4 1 + W # ” = —_ 2 — - ed be Ws P 4 7 
PR XR 2 5 ho W o = 0 R * * . » A * þ 
— —_— wg — wv - — bg = A * — — 1 * = xt - * 4 * ** 


Zen. diſt. 15 31 — 5 
Decl. e, 
Lat. in 7 16 north. * 
N. B. As the tables are only calculated to 30 ſeconds, the log. 7 
ſor any intermediate ſeconds is found by taking the difference be- if 
tween the log. next greater and next leſs, and ſaying, as 30 ſeconds 1 
is to that difference, ſo is the given ſeconds to the difference of the 1 
logarithms; or, if it be any even part, take ſuch a part of the diffe- 8 
rence, and apply it to the next leſs logarithm; but in theſe operations 1 
2 few ſeconds are not regarded. 2 
4 
SECOND OPERATION. 4 
j Lat. 97 6 o, oog 50 iq 
g 1 o, 03528 1 
+ Log. ratio 003878 j 
0 H. M. s. 4.71058 
3 1-0 0,40368 
| H, NM. 8. — 
1 33 © — 3 330 74 
True time 1 28 30 3.86709 
N. S. gr. alt. 89623 Log. ratio 503878 
6735 N. num. Log... - 3,82831 


N. S. Sun's m. alt. 96358=74 29. Hence the lat. in is 7 16 N. 


I The latitude laſt found, agreeing with that uſed in the operation, 
May be taken as the true latitude ; and the operation is repeated 


with 
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with very little additional trouble, few alterations being neceſlary, 
Hence it is plain, that if you are miſtaken in the latitude by accoun, 
yet by repeating the walk two or three times, making ule of the la- 
titude laſt found in the next operation, it will at laſt diſcover itſelf 
to be true, by being equal to the laſt ſuppoſition, which evidently 
ſhews the excellency of theſe tables. 

In the former examples we have conſidered both altitudes taken 
at the ſame place or ſtation ; but as that is ſeldom the caſe at ſea, the 
neceſſary correction for any alteration of ſtation may be readily 
made as follows : 


| H. M, 
Suppoſe the firſt altitude in the forenoon at 10 20 
The ſecond altitude in the afternoon at 2 H. 43 M. 14 43 
Difference of longitude made is 30 Miles W. equal to 0 2 

14 41 
10 20 
Subtracted is the elapſed time 4 15 


If a ſhip has been ſailng to the eaſtward, the above two minutes 
mutt be added; but unleſs the difference of longitude be confider- 
able, it is not worth notice, as it will make a very inconſfiderable 
error in the latitude. 

Again, if the ſhip ſails or makes towards that point of the com- 
paſs which the ſun bears upon, ſhe muſt raiſe the ſun's altitude 28 
many minutes as the miles ſhe has run towards it ; therefore the 
miles run towards the ſun muſt be added to the firſt altitude; but if 
failing from the ſun, the ſame muſt be ſubtracted; if they are but 
few, they are not worth minding ; and then the ſeaman may make 
a very good eſtimation by looking at the log- board only, who, by 
that, will be able to aſcertain the diſtance ſailed to, or from the fun, 
between the obſervations, which will be of ſufficent exactneſs in the 
practice of navigation ; and if the ſhip makes an angle with the ſun's 
bearing, it may be readily found by the table of difference of latitude 
and departure, and then either add or ſubtract, according as the cale 
requires; as may be ſeen in the following examples, which 
are inſerted for the benefit of thoſe who require a greater degree of 


accuracy. 
. EXAMPLE VI. 


Suppoſe a ſhip from the Bay of Biſcay, bound to the Engliſh 
Channel, in a briſk gale running N. by E. 3 E. per compaſs, at the 
rate of 9 knots per hour, at 10 H. o M. A. M. per watch; obſerved 
the ſun's altitude 135 187 bearing South 4 E. by compaſs, and at l 
H. 40 M. P. M. per watch, the ſun's altitude again was found 14 
15, the latitude by account being 49? 17 N. and the ſun's declina- 
tion 23? 82'S, Required the true latitude ? Th 
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, The Correction to the Firſt Altitude. 


The time of the firſt obſervation is 10 H. o M. A. M. and of the 
ſecond 1 H. 40 M. P. M. the elapſed time is 3 hours 40 M. and the 
rate of ſailing is 9 miles per hour; then ſay, by the Rule of Three, 
as 1 U. is to 9 miles, ſo is 3 H. 40 M. to 33 miles, the diſtance run 
in the elapſed time. 

Again, the ſun's bearing at the firſt obſervation is ſouth + E. the 
oppoſite point to which is N. + W. or 4 point, and the ſhip's courſe 
during the elap. time is N. by E. 4 E. i points, fo the angle of 
ſhip's courſe with the ſun's bearing is 2 3 points. 

Now in the table of difference of latitude and departure, to the 
courſe 2 J points, and diſtance 33, the difference of latitude is 29, 
and the ſhip is fail from the ſun : therefore trom the firſt obſerved 
altitude 139 18” take 207, the remainder 12 49', the firſt altitude 
corrected, which is to be uſed in the operation, as follows: 


Let the circle repreſent 
the compaſs N, 8, E, W, 
and A the ſhip's place. 
Take the ſhip's courſe N. 
by E. 4 E. or 1 5 point, and 
ſet it off from the north to- 
wards the eaſt; take the 
ſun's bearing 8. 4 E. or 3 
of a point, and ſet it off 
from the ſouth towards the 
eaſt; the appoſite point 
is A G, N. 3 W. then W 
will G A C be the angle 
the ſhip has made during 
the elapſed time, which 
angle being ſet off from 
the north, (or meridian) 
| to the eaſt, will be the 
true courſe the ſhip has 
made from the ſun, as the 
angle BA D. From A to D ſet off 33 miles, the diſtance failed 
in the eſapſed time, from D draw a line parallel to the E. and W. 
to cut the north, or meridian line at B, then A B will be the dif- 
terence of latitude 29 miles, that the ſhip has ſailed from the 
lun during elapſed time; which being ſubtracted from the firſt alti- 
tude leaves the firſt altitude 12 49 which is to be uſed in the ope- 
ration, Had the ſhip ſailed towards the ſun, the above 29 miles 
muſt have been added to the firſt altitude. 


Alt, 


— f , . 
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H. M. 8. Alt. Nat. 8. Lat. 49? > of 0, 18554 
Times 10 © © 14* 15/=24615 Decl. 23 28 0,03749 

140 © 12 49=22185 

—— — Log. ratio 
Ela. T. 3 40 o Diff. N. S. 2430 15 log. 

— ts log. 
IEl. T. 1 50 © 

o 10 o Time correſponding to 


| 


1 40 0 Its log. in col. of riſing is 
Log. ratio 


90 2 5606 Nat. num. of 
17 35 24015 | — 
Zen. diſt. 72 25 N. 8. M. Alt. 30221 — 17 35 
Decl. 23 28 


1 48 57 N. 


But as the latitude by computation differs conſiderably from that 
by account, the work mult be repeated. 


Lat. 4857 0, 18202 
Decl. 23 28=0,03749 


Log. ratio 0, 22011 

u. M. s. Diff. N. S. 2430 Its log. 3, 38501 

1 50 O Its log. 03355 

o 10 © Time anſwering to 394131 

090 © 1 49 © Its log. in col. of riſing 3,97179 

17 37 Log. ratio 0,22011 

Zen. diſt, 72 23 5644 Nat. num. of 3.7510 
Decl. 23 20 24615 


Tr. lat. 48 55 NM. 30259 N. S. mer. alt. 19® gy. 
This latitude differing only 2 miles from that vfl in the com- 
putation, it may be depended upon as the true latitude, 


„„ SSME LS . 
A ſhip ſailing N. E. half E. by compaſs, at the rate of 9 knots 
an hour, at o H. 31 M. 40 S. P. M. per watch I found the altitude 
of the ſun's lower limb 289 20“ above the horizon of the ſea, the ee 
being elevated 20 feet above the ſurface of the water, and the ſun's 
bearing by compaſs being at the ſame time S8. by W. and at 2 H. 5b 
M. 20 S8. P. M. by watch, the altitude of the fan's lower limb was 
169 41' above the Aeta the eye being elevated as before, and the 
latitude by account, at the time of the laſt obſervation, was 48* 0 
north, and the declination 13917“ ſouth. Required the true Jati- 
tude at taking the laſt obſervation ? oy 
| ir 
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Firſt obſerved alt. ſun's lower limb 28% 2o' Second ditto 16˙ 41” 


Refraction to be ſubtracted 2 3 
Correction for refraction 28 18 16 38 
Dip. of the horizon ſubtracted 4 p 
App. alt. 28 14 16 34 
2. ſemi- diameter added o 16 8 8 
Correct altitude of ſun's centre 28 30 To. 


Correction for the Firſt Altitude, 


The time of the firſt obſervation o H. 31 M. 40 S. P. M. of the 
ſecond 2 H. 58 M. 20 S. P. M. ſo the elapſed time is 2 H 26 M. 40 
8.: the rate of ſailing is ꝙ miles per hour. Then as 1 H.: 9 miles 
::2 H. 26 M. 40S. : 22 miles, the diſtance run in the elapſed time. 

Again, the ſun's bearing at the firſt obſervation is S. by W. the 
oppolite point to which is N. by E. or 1 point. | | 
The ſhip's round curing the a time is N. E. 4 E. or 4 f pts. 

So the angle of the ſhip's courſe with : : 

the fan's bearing is IN. E. by N. 2 E. 3 2 Pts. 

In the table of difference of latitude and departure, to the courſe 
3 + points, and diſtance 22 miles, the difference of latitude is 17 
miles, while the ſhip fails from the ſun. 

Wherefore, firſt obſerved altitude 28% 300 - 17 2289 17 the firſt 
correct altitude to be uſed in the operation. 

H. Me 8 Alt. N. S. Lat. by ac. 48*& 0,17449 
Times o 31 40 28* 17 47281 Declin. 13 17 ©,0117 
2 58 20 16 50 28959 | 


Log. ratio 0,18627 
Ela T. 2 26 40 Diff. N. S. 18322 Its log. 4526297 
132 5 13 20 Its log. from col. of ; elapſ. time o, 50232 


1 46 30 In col. of mid. time correſponding to 4, 95156 


„ 


o 33 10 Its log. from col. of riſing 3.01923 
Log. ratio o, 18627 
N. & gr. alt. 47281 | : — W 
90 © 581 N. num. of 2, 83296 
Mer. alt. 28 40 


— N. S. mer. alt. 47962 2840. 
Zen. diſt. 61 20 8. '2 


13 17 8. 
Lat, 48 3N. 


— — 


And as it differs but three miles from the latitude by account, it 
any be taken as the true latitude. 


E e ; Dueſttons 
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Quaſtions for Exerciſes 


1ſt. Being at ſea in latitude by account 398 N. when. the ſun'; 
declin. was 209 41'N. at 11 H. 30 M. 15 S. A. M. per watch, the 
altitude of the fun's lower limb was obſerved to be 689 18 45” and 
at 12 H. 26 M. 288. P. M. it was 70% 58', the height of the eye be. 
ing 21 feet above the ſurface of the ſea. Required the true lat, of 
the ſhip? Anſwer, 397 28“ N. . 
2d. Being at fea in lat. 50 40 N. by account, at 10 H. 1) M. z 
S. A. M. per watch, the altitude of the ſun's lower limb was ob 
ſerved to be 17 4, and at 11 H. 17 M. 30 S. it was 19 31, the 
decl ination being then 20% N. and height of the eye 21 feet abo 
the ſea, Required the latitude in? Anſwer, 50 N. | 
34. Suppoſe a ſhip at ſea in lat. 47® 34 N. by account, at 9 H. 5; 
NI. 30 S. by watch, the altitude of the Fan's lower limb was 174, 
bearing by compaſs S. by E. 4 E. and at 12 H. 54 M. 10 8. his 
altitude was 21945 2, the declin. being then 197 30 S. the * of 
the eye 20 feet above the ſea, and the ſhip's courfe by compals wa 
E. S. at the rate of 7 knots per hour. What was the true lati- 
tude? Anſwer, 27? 24/N. | 
4th. At 11 H. 28 M. 20 S. A. M. per watch, the altitude of the 
ſun's lower limb was 28* 18, the ſun bearing then 8. by W, by 
compaſs. At 2 H. 58 M. 20 S. P. M. his altitude was 16® 40, the 
height of the eye 20 feet, his declination being then 13% 17'N. and 
che latitude then by account 47 50'N. the ſhip's courſe during the 
elapſed time was N. E. with her larboard tacks on board, failing at 
the rate of ſix knots, and made half a point leeway. What latitude 
was ſhe in when the laſt altitude was taken? Anſwer, 48* N. 
By the ſhip's courſe per compaſs is to be underſtood, its court 
made good, leeway, if any, being firſt allowed, or the courſe, by 
compaſs, corrected for the leeway only, but not for the variation. 
Had the variation of the compaſs been applied, both to the ſhips 
courſe and the ſun's bearing, it would not have made any difference 
in the operation or reſult, as the angle formed by them will always 
be the ſame, whether they are both eſtimated by the compals, ot 
when the variation js allowed on both. 
This method of finding the latitude is of excellent uſe, ſince there 
are ſo many circumſtances at ſea, which deny the opportunity d 
having the ſun's meridian altitude; and as the knowing the tile 
latitude is of the greateſt conſequence, eſpecially in coming into the 
Engliſh channel, &c. where there are frequent obſtruCtions of clouds 
every ſeaman ought to be ready at determining his latitude, by this 
method, whenever an opportunity offers, leſt he ſhould not ice 
ſun upon the meridian. | 


Norx. The nearer to noon the obſervations are taken, the reyes 
provided the elapſed time be not much leſs than half the interva 


time, when they are both taken on the ſame ſide of noon, nor mw 
| gre 
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reuter than once and half the greater inter val, wen taken on diffe- 
rent ſides of noon. 


To find the LatiTupsz by one ALTITUDE cf the Sun, when 
the Time is not more diſtant than one Hour from Noon. 


. 
To find the true Time. 


W HEN the ſun's declination, and complement of the lati— 

tude are both north or both ſouth their ſum, but it one be 
north and the other ſouth, their difference is the meridian altitude. 

From the natural ſine of the ſun's meridian altitude, ſubtract the 
natural fine of the true altitude, 

Then add together, 

The log. co. ſecant of the comp. of the lat. 

The log. ſecant of the ſun's declination , 
and the common logarthim of the difference of natural ſines into 
one ſum, The ſum of theſe three logarithms, being found in the 
column riſing, the hours, minutes, and ſeconds correſponding to it, 
will be the true time from noon when the altitude was taken. 


| EXAMPLE. 

Being at fea in lat. 5o* 40“ N. by account when the ſun's decli- 
nation was 20 ſouth, at 11 H. 17 M. A. M. per watch, ſun's alt. 
was 19 41'. Required the true time ? 

Comp. lat. 39. 20 N. Co. ſec. o. 19803 
Declination 20. oo S. Sec. o. 02701 


Sup. m. alt. 19. 20 Nat. ſine 33 106 


reject. their indexes 


: L. ra. o. 22504 
Obſer. alt. 19. 41 Nat. ſine 33682 


576 Co. I. 2. 70042 HH. M. 8. 
c — 12. OO. CO 
Log. in col. of riſing 2. 98546 is =. 32. 00 


— 


True time at ſea 11. 28 


Having the true time previous to the obſervation to find the chauge 
of altitude | 


Add together the logarithm found in the col. of riſing anſwer- 


ung to the minutes and ſeconds the ſun had to riſe when the altitude 
s taken, and the ſecant of the ſuppoſed meridian altitude from this 


ſum, (the index being increaſed by 5 *,) ſubtract the log. ratio the 
remainder is the log. tine of the change of altitude from the time of 
obſervation to noon ; which being added to the obſerved altitude 
gives the ſun's meridian altitude. | 


The 5 is the index of fix honrs in the column of riſing, 


Ee 2 Log. 
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Log, in col. of riſing of 32 M. 2.98820 Ober. alt. 19 4 
Log. ſec. m. alt. 19 20 o. o2521 Cha. of alt. 4, 


Increaſe index 5. Tr. m. alt. 20,9, 7 
— —— I 

8.01341 . 

Subtract log. ratio o. 22504 i 


Log. fine chan. of alt. 21 min. 7. 78837 
EXAMPLE II. 


Being at ſea in lat. 60 north by account, when the ſun was on 
the equator at 1 H. o M. P. M. per watch, the ſun's alt. was 28 5; 
Required the true time and latitude in ? 

Com. Lat. 30.00 N. Nat. fine po000 Co. ſec. o. 30103 L. ratio 


Ob. alt. 28. 3 Nat. fine 48303 


IO. Fudd at 

Ch. of lat. 1. o8 1697 Com. lo. 3. 22968 di 

— ———— — H. M. of 

T. m. alt. 30. 01 Log. in col, of riſing is= 3. 53071 =. 00 Tr. I. 

Zen. diſt. 59.59 N. la. Log. ſec. mer. alt. o. 06247 (i 

The S. being onthe equa. Inecreaſe index 5. 

— ar 

8. 59318 by 

Subtract log. ratio o. 30103 en 

Log. fine chan, of alt. 1 08“ 8. 2021 5 70 

f 

EXAMPLE III. of 

Being at ſea in lat. 39 28 north by account, ſun's declination 20 th 

41' north at 26 M. 28 S. P. M. ſun's alt. was 71 100. Require rer 

the true time and latitude at the ſhip ? ze 

Comp. lat. Fo. 32 N. Co. ſec. o. 11239 the 

Declina. 20.41 N. Nat. fine 94674 Secant 0.02893 | 

Sup. m. alt. 71.13 Nat, fine 94646 0.14132 90 

28 Com. log. 1.44716 bot 

— — N. 8. 

Obſer. alt. 71. 10 Lo. in col. of riſing is= 1.688480. goT.T. Cuc 

Chan, alt. 3 Log. ſec. ſup. mer. alt. 0.49216 at f. en 

im 

T. mer. alt. 71.13 Inereaſe Index G nat 
Zen. diſt, 18.47 8. 7.08064 

Declin. 20.41 N. Subtract log, ratio 0.14132 8 

1 moc 


Lat, in 39.28 N. Lo ſine chan. of alt. 3 m. 6.93932 


NOTES 
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NOTES. 


it. The altitudes for determining how much the watch differs from apparent 
ume, had better be taken in the morning, or evening, when the ſun's altitude does 
not exceed 18 degrees, | 

2d. Anerror in the ſuppoſed latitude, can make very ſmall difference in the 
change of altitude; and the nearer the altitude is taken to noon the better to find 
the change of altitude, 

3d. This method 1s not to be depended on ſhould the apparent time exceed an 
hour from noon, and in ſome inſtances not then ; ſuch as altitudes taken near the 
equator ; Or when the merdian altitude exceeds 60 degrees; nor is there much oc- 
caſion for this method, br that of the double altitudes there, fince there is generally 
4 clear horizon, and conſequently a meridian altitude eaſily obtained. 


To find the Latitude by the Meridian Altitude of the Moon. 


N page 6th of the month in the Nautical Almanac, find the time 
of the moon's paſſing over the meridian of Greenwich. 

Turn the longitude into time, by table XI. and add it to the 
above time, if it be weſt, but ſubtract it, if it be eaſt : the ſum or 
difference, will be nearly the time of her paſſage over the meridian 
of the place of obſervation ; which call reduced time. 

In page 7th of the month in the Almanac, find the moon's ſemi- 
diameter and horizontal parallax, at the reduced time. 

Take the difference between the moon's ſemidiameter and dip. 
and add it to the obſer ved altitude, if the lower limb was obſerved, 
but ſubtract it, if the upper limb was obſerved : the ſum or differ- 
ence will be the apparent altitude of her centre. 

Fromthe porportional logarithm of the moon's horizontal parallax, 
found in table IX. increaſing its index by 10, ſubtract the log. co- 
line of the moon's apparent alt. the remainder will be the prop. log. 
of the moon's parallax in altitude, from which take her refraction, 
the difference will be a correction, which being added to the appa- 
rent altitude, will give the true altitude of her centre: hence the 
zenith diſtance, to which apply her declination, and you will have 
the latitude. 

NorE. The moon's declination is ſet down in page the 6th of the 
month for every noon and midnight in the Nautical Alamanac. 

Therefore find the declination for the neareſt noon and midnght 
both before and aſter the reduced time, and take the difference. 

Then as 12 hours: is to the difference in 12 hours : : ſo is the re- 
duced time : to a proportional part ; which being added to, or ſub- 
tatted from the declination the noon or midnight before the reduced 
time, according as it is increaſing or decreaſing, will give the decli- 
nation at the time and place of obſervation. | 


EXAMPLE. I. 


Suppoſe on Sept. 21, 1796, in long. 45? weſt, the altitude of the 
moon's lower limb, when on the meridian ſouth of the obſerver, 
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ſhould be 67* 43, the cye being 23 fect above the ſea, Reavir, 
the lau ws d wie BY 
By the Almanac, the moon paſſes over the meridian of Greenwich 
that day at 16 H. 10 M. afternoon, and the 45 welt turned into 
time, and added to it, gives 19 H. 10 M. that is 7 H. 10 M. paſt mid- 
night, the time the paſſes the meridian of the place of obſervation, 
Hor. par. 59' 15” Prop. os 10,4826 Moon's obſ. Alt. 692 43,30 
App. alt. 67 55 Log. coſine 9,5751 Sem. diam. 16? 8] 


Dip- 4 34) 


Prop. L. of M's P. in alt. 22/ 16” 9075 — 
Moon's refraction 23 App. alt. 67 55 4 


21 53 Correct. of moon'salt. 21 5; 


Sep. 21ſt, . 
NMoon's decl. at midnight 17” 37%” 17 37 M.'s tr. alt. 68 16 57 
Sept. 22d, ditto at noon 19 23 1 3 Moon'sdecl. 90 


1 46 18 40 Zen.diſt. 21 43 38. 

As 12 H.: 1%: : H. zac: 2397 Deck 18 40 oN, 
Lat. in 40 23 3\, 

Nor. If the neareſt minutes are taken and the ſeconds rejected, 

it will be ſufficiently exact for the purpoſe of finding the latitude, 


EXAMPLE II. 


Suppoſe on Dec. 13, 1796, in long. 30? eaſt, the alt. of the moon? 
upper limb ſhould be obſerved when on the meridian, being then 
ſouth 562? 15, the eye 20 feet above the fea. Required the latitude: 

The moon paſſes over the meridian of Greenwich that day, by the 
Almanac, at 11 H. 23 M. afternoon. The long. in time 2 H. fub- 
tracted from 11 H. 23 M. leaves 9 H. 23 M. for the time. ſhe paſles 
the meridian at the place of obſervation. | 

At this time the moon's ſemi-diameter is found to be 16” 41”, and 
her horizontal parallax 61' 10”. 

H. par. 61'10” P. L. 10,4687 Alt. M's up. IL. $562 15 © 
Ap. alt. 55 54 Col. 9,7487 Sem. diam. 1641“ 
+ Dip. 4 16 20 57 


P. log. of P. in alt. 34 18” 7200 | — y— 
Re traction # «ol App. alt. 55 54 3 
Cor. of moon's alt. 33 40 
40 — 
0 Moon's alt. 50 27 43 
\oon's decl. Dec. 13 at noon 19? 18' 
Ditto at midnight 20 59 
Zen. diſt. 
Diff. I 41 


As 121].: 1 41": KH. 435 19 19 
Decl. at noon 19 18 | Decl. 


Lat. 
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77 find the Latitude by the Meridian Altitude of a Planet. 


In page 4th of the month in the Nautical Almanac are given the 
declinations and times of the planets paſſage over the meridian of 
Greenwich every ſix days. 

Reduce the longitude into time, and add it to, or ſubtract it from 
the times of their paſſages over the meridian of Greenwich, accord- 
ing as their longitude is eaſt or weſt : the ſum or difference will he 
the time they paſs the meridian of the place of obſer vation: correct 
the obſerved altitude for the dip. and refraction, with this correct alti- 
tude and declination find the latitude ; as for 


EXAMPLE. 


Suppoſe in long. 45 W. on Oct. 1, 1796, the meridian altitude of 
jupiter, when ſouth of the obſerver, ſhould be 41 3o', the eye 22 
ſeet aboye the ſea, and the latitude be required ? 

By the Almanac, Jupiter paſſes the meridian of Greenwich that 
day at 0 H. 53 M. afternoon ; and 3 H. the long. in time, added to 
it gives 53 M. after 12 at night, when he paſſes over the meridian of 
the place of obſervation. | 

Meridian alt, 41* 30“ o“ 
Dip. 4 28” + Refract. 14 — © 5 32 


True alt. 41 24 28 
90 

Zen. diſt. 48 35 28. 

GA 1 14 23 

Lat. 37 23 32 N. 


The declination of the planets are ſet down for every 6 days, but 
may be found for intermediate days by taking proportional parts. 


8 


or THE PARALL AX. 


ARALLAX is the difference between the altitude of the ſun, 

moon, or ſtar, and the altitude of the ſame object ſeen at the 

ne time from the earth's ſurface; or it is the angle of the earth's 

ſemidiameter would appear under by an oblerver placed at the ſun, 
moon, or ſtar. 

The parallax of the heavenly bodies are greateſt when in the hori- 
wn, hence called the horizontal parallax ; that of the moon's is ſet 
Gn in the Nautical Almanacs for every noon and midnight, and 
les between 54 and 62“; the parallax diminiſhes according to the 
altitude 
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altitude of the object until it comes to the zenith, where it is m 
thing; the difference of the elevation of objects is called the paralla 
in altitude, and it is eaſy calculated by ſaying, as radius is to the 
horizontal parallax, fo is the coſine of the fit de to the parallax in 
altitude: now, as all objects are depreſſed by their parallax, ſo the 
are elevated above their true altitudes by refeuftion, 


N 
N. 


m 

— =— — of 

A NM. A ge. 
| T M D 
U 8 5 

Let P T repreſent the carth, T the centre, M V a part of the - 
moon's orbit, DD part of the ſun's orbit, and the rational as well a : 
A A is the ſenſible horizon. 

Now, an obſerver at T will ſee the moon in the line) R, when R 
another at P at the ſame time will ſec her in the line ) A in the ſeni- 5 
ble horizon, and the angle PTS MTD AD R is the horizon- 8 
tal parallax ſet down in the Nautical Almanac for every noon and 15 i 
midnight, and lies between 54 and 62”; this angle diminiſhes as the M 
object approaches the zenith; for ſuppoſe the moon in the line? "n 
the C DO =P) I is leſs than the C ADR CT) P, ſtill d. as 
miniſhing until it comes to the zenith Z, where it is nothing. To 
find the 1 of parallax in altitude, ſay, as radius: is to th: 7 
horizontal parallax :: fo is the coſine of the apparent altitude: t0 
the parallax in altitude. 

The parallax of the moon is greater than any of the reſt of the 
planets, owing to her being neareſt the earth, the vaſt diſtance if 
ſun and ſtars rendering their parallax ſo ſmall, that they are oſten Info : 
neglected in nautical calculations; for ſuppoſe the ſun at for S, then ad 
the <T FP—=q T F is the ſun's parallax, about 8 4 ſeconds. er of 

Having the earth's ſemidiameter and the parallax of any of the ſi. tr 
planets, their diſtance may be found, by ſaying, as the tangent of tie WW. ..; 
parallax : 1s to the carth's ſemidiameter in nies : ſo is radius: T, 
the diſtance, | | „on. 

Having the diſtance, the parallax is found by ſay ing, As the q Ifterng 

tall 
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tince ; is to radius : : ſo is the earth's ſemidiameter : to the tangent 
of the parallax. 

The earth's ſemidiameter is 1146 nautical leagues, the ſun's diſ- 
tance from the earth is 2), 809, 344, the moon 69,059, Mercury 
10,704,503) Venus 20,1 1 5,400, Mats 42,372,897, Jupiter 
144,035,833, and Saturn 265, 283, 603 leagues. 


70 reduce the Sun's Declination from Noon at Greenwich, to the 
NOON under any other Meridian. By Table XVIII. 
R U LE. 
iſt, WII the longitude in from Greenwich in the top column, 
expreſſed both in time and degrees, look for that anſwer- 
ing neareſt to your longitude in. 
2d. Look for the day of the month in the ſide column, the 
number of minutes, and ſeconds where that cuts (in the ſame col. 
of your longitude in) is either to be added to, or ſubtracted from the 
declination that day at Greenwich. 
To know whether it is to be added, or ſubtracted, look at the 
top and under the column of the day ofthe month you will ſee, add in 


ealt, or ſubtract in weſt, (and vice verſa) which having done will 
give the true declination for the noon at the place of obſervation. 


| Required the true declination, October 10, 1796, in longitude 52? 
E. of Greenwich. 
oh decl. Oct. 10 at Greenwich 7 1' 32” per Ephemeris 

aria. of decl. per tables Oct. 9 : 

nd long. c2* eaſt gives 9 x2 3 15 to be ſub. in caſt long. 
True decl. Oct. 10, in long. 52 E. 6 58 t7 


Tareduce the Sun's Declination from Noon at any Meridian, to any other 
Time under that Meridian. 


RULE. 


iſt, With the time from noon in the top column, look for that 
anſwering neareſt to this time. | 

2d. Look for the day of the month in the fide column, the num- 
fr of minutes and ſeconds, where that cuts (in the ſame column of 
"ie time from noon) is either to be added to, or ſubtracted from the 
leclinat ion that day at Greenwich, noon. 

To know whether it is to be added or ſubtracted, look. at the 
and under the column of the day of the month, you will ſee add 
09n, or ſubtract before noon, (and vice ver/a) which you hav- 
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ing done, will give you the true declination for any time differing 
from noon. 

NoTE. In all calculations for determining the longitude, the 
ſun's declination is taken out of the Nautical Almanac, as it is ther 
calculated to the neareſt ſecond. 


EXAMPLE HI. 

Required the ſun's true declination October the 10, 1996, at 8 hl. 

21 M. in the forenoon in longitude 52 eaſt of Greenwich? 

Variation of decl, Oct. 10, per table in long. 52“ E. 
ſubt ract in eaſt longitude 

Variation of decl, for 3 h. 39 m. from noon Oct. 10, o 3 26 


per tables to be ſubt racted before noon. 


0” 416 


Sum of variations ſubtract O 641 
Sun's declination per Nat. Al. Oct. 10, at Greenwich 7 13 25, 


True decli. Oct. 10, in long. 52 E. at 8h.21m. A.M. 6 54 $15. 


EXAMPLE II. 
Required the ſun's true declination May 7, 1796, at 5 h. gom. 
P. M. and in longitude 35” 3o' welt of Greenwich? 


Varia. of declination May 7, in long. 53 30 welt H. M. s. 

Add in weft longitude. O 141 co1 

Varia. of declina. for 5 h. 30 m. from noon May 7, 8 Jy day 
per tables to he added afternoon, ; 3 5 by 

Sum of varia. Add, or correction of declination O 5 33 lon 

Sun's declination May 7, per Ephemeris 17 5 24 the 


T. decl. May 7, long. 35. 30 W. at 3h. 30 m. P.M. 17 10 57 


The above method will give the ſun's declination ſufficiently ca- 
rect for all nautical purpoſes ; but thoſe who wiſh to come to tl 
greateſt degree of exactneſs may uſe the following method. | 

Turn the ſhip's longitude into time by table XI. and add to l, 
the time per watch, if the longitude be weſt, but ſubtract it if the the 
longitude be eaſt, the ſum or difference will be the time at Greet 
wich, which call the requced time. 

Look in the Nautical Almanac for the given day, and in page the 
2d: of the month ſtands the ſun's declination. 

If the reduced time be in the morning, take the differenee of ce. 
clination between the noon before, and noon after the reduced time. 
Then ſay by the Rule of Three, | 

As 24 hours: is to the daily difference of declination : : ſo b tt 
reduced time, to a number of minutes and ſeconds, which dell 
added to the declicantion the noon before if it be increaſing, of ſub- 
tracting it if decreaſing, the ſum or difference will be the declin 
tion at the ſhip. | i 
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To find the apparent Time, and thereby regulate the going of ihe 
Watch, and Firſt by Equal Altitudes of the Sun. 


T the time when the watch ſtands in need of being regulated, 
forthe obſervations intended, let the ſun's altitudebe taken at any 
convenient time in the forenoon, 2, 3, 4, or 5 hours diſtant from the 
meridian. Set down the altitude with the correſponding time ex- 
actly (the index being already ſet to the morning altitude :) note 
down the time of the ſame altitude in the afternoon ; halt the ſum 
of theſe two times, is the apparent time ſhewn by the clock or 
watch when the fun was upon the meridian of that place. But it 
muſt here be obſerved, that it the change of declination be confider- 
able during the elapſed time, it muſt be allowed for, by adding the 
difference to, or ſubtraCting it from, the ſecond altitude, according 
| as it is increaſing or decreating. Left that an altitude taken in the 
forenoon cannot by the interpoſition of clouds, have a correſponding 
one in the afternoon ; it is therefore proper to take ſeveral in the 
forenoon, in order to ſecure a correſponding one in the afternoon. 
And, if ſeveral equal aititudes can be taken on both ſides of the me- 
ridian, it will be beſt to find the noons for each pair, and the means 
of all the noons thus found for the true one. 

When there is reaſon to believe that the watch gains or loſes 
conſiderably, other ſets of obſervations may be taken on ſucceſſive 
days, whereby the daily variation may be found and allowed for; 
by which means the artiſt will have little more to do in finding his 
longitude by obſervation, than to reduce the obſerved diſtance of 
the objects to the true diſtance of their centers; the ſhip's time 
being ſhewn by the watch previoully regulared. 


EXAMPLES. 


May 20, 1796, ſuppoſe that at 
h. 40 m. in the forenoon, and 
3h. 16 m. afternoon by watch, 
the ſun had equal altitudes, and 


tie going of the watch be re- 
quired ? 


Now add together 12 0 


gives noon per watch 
rue noon 
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March 18, 1796, in lat. 49” N. 
ſuppoſe at 8 h. 10 m. 58 f. fore- 
noon, and at 3 h. 58“ 34“ you 
have equal altitudes of the (un. 
Required the going of the watch? 

The diſtance of the time from 
noon when the firſt was taken is 
3h. 49 m. 2 f. doubled is 7. h, 


38 m. 4 ſ. and the daily decreaſe | 


of declin. at this time is 2341“. 
Now as 23 h.: 24 41”:: 7 h 
384 74. | 
Hence the index of the qua- 
drant muſt be ſet 7' 4 wed ON 
the arch, to corre ſpond with the 


morning alt. whence the watch 


will be found 4' 46” too fait. 
12 Here 


2 2... r _ „ — — — 
— N Y — — —— — — et 112 B 
1 * 6 5 , 4 wy * * * 
4 % 7 — * 5 


8 


2 


CY 
* y 


— 293 — at — = ——— _ —— «4 —— Foes rename — WW 
BR ' 88 A IC — 


= + YAY AE ro oa. 


e dh go aro o 
- . FR : _— wm 
— ” 
"i 0.4 


— Bs 


eG ret es es. i RE. 


— 


1 we 
> "a LC MO. — 


F * * 
— , vo ape » . 
- * . 


226 NEW METHOD OF FINDING 


Here it is ſuppoſed that the ſhip is lying by, or makes no yy 
through the water; but if ſhe is failing to or from the ſun, prope; 
allowance muſt be made for her run, during the elapſed time, but 
2 methods of finding the time will anſwer every purpoſe 
at ſea. 


To find the apparent Time by the Sun's Altitude. 


Find the ſhip's latitude and longitude by account, at the time of 
obſervation, by carrying the reckoning forward to that time, 
With a quadrant well adjuſted, take the altitude of the ſun's lower 

_ 

Take the difference between the ſemidiameter and dip of the hot. 
ron, and add it to the obſerved altitude, the ſum will be the ſun'; 
apparent altitude, 

Take the difference between the ſun's refraction and parallax in 
altitude, and ſubtract it from the apparent altitude, the remainder 
will be the true altitude of the ſun's centre ; hence the true zenith 
diſtance. ' 

Tum the ſhip's longitude into time, and either add to or ſubttaò 
from the time per w_, according as it is eaſt or weſt ; the ſum, or 
difference, will be the reduced or ſuppoſed time at the place ot ob- 
ſervation. | 

Take the ſun's declination out of the Nautical Almanac, and 
* pr Inn it to the reduced time: with the ſun's true declinatioa 

d the polar diſtance: then, 

Add together The zenith diſtance 

The co-latitude, and 
Polar diſtance into one ſum, | 

From half this ſum ſubtract the zenith diſtance, noting the b 
fum and remainder, then add together | 

The log. co-ſecant of the comp. of the latitude J rejecting thei! 

The log. co- ſecant of the polar diſtance, } indexes. 

The log. ſine of the half ſum, and 

The log. fine of difference into one ſum. : 

Take the log. fine of half the ſum of the four logrithims wii 
being doubled and brought into time as before, will give the tins 
from the midnight before the altitude was taken. | 

Half the ſum of theſe four 1 will give the log, co- inte © 
halt the hour angle; which being doubled and turned into dns 
by allowing 15 degrees for every hour, & c. or more briefly by '* 
table, will give the true time, if the altitude was taken in the aft 
noon; but if in the forenoon, its complement to 24 hours wil x 

the true time, reckoned from the preceding, or noon before. 
what perhaps will be found more eaſy to the learner. 
NoTs. The refraction is found in table XII. of this book. 


The dip of the horizon, table XIII. in ditto, Ti 
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The ſun's parallax in alt. table XIV. in ditto. 

Ihe ſun's decl. in page 2d of the month, and 

The ſun's ſemidiameter in page 3d of the month in the 
Nautical Almanac. 


EAAMPLE I. 


Soppoſe on the 75th of May, 1796, at 5h. 30 m. 321. P. M. or 
afternoon per watch, in latitude 397 5% N. and long. 35 30“ weſt 
of Greenwich by account, the altitude of the ſun's lower limb ſhould 


ſea, and the true appareat time when the obſervation was made was 
required * 


Odf. alt; S.'s L. L. 152? 45! oo Lat, 399 54'N, 


Dip. 43“ ſemi. 15 53 diff. 11 50 8 8 
. A 


Ap. alt. S.'s L. L. 15 56 50 — — 
Re tr a. 4 A Pa. 8“ diff, SP Sun's decl. May 7, per N. A. $79 E 24 
— V. dec. p. tab. for lon. 35530 W. add 1 44 
San's true alt. 15 53 41 Ditto for 5 h. 30 from nvon add $ $3 
0 — 
1 True dec!. cor. for lon, and time 17 10 57 
Zenith diſt. 74 6 19 90 


Polar diſt. 72 8 
| Ca-lat, $& 6 oo Co-ſecant ©. 11511 
Polar diſt, 72 49 03 Co- ſecast ©. 01983 
Sum 29197 ol 22 
I Som 98 3o 41 Log. fine 9. 99518 
. Zenith diſt. ſub. 74 6 I9 
Remainder 24 24 22 Log. fine 9. 61616 
it . Ea: : 
dem of 4 log. 19. 74628 
dom log. co-ũĩ. 4 hour angle 241 (17147 9.87314 
- 2 TEE 
% Nour angle 47 $ 33 34 
: me at ſhip per watch $3 23 28 in time = 5 39 32 
K — 1 
Witch flow 3 2 


NoTE. The co-ſecant of any angle arch, (rejecting index) is 
equal to the arithmetical co-ſine of that angle. 


the By turning the longitude weſt into time, and adding to the tige 
er « the ſhip, gives the reduced time 7 h. 52 m. and the difference of 


G&dination between the 7th and 8th of May 16' 10”, then by the 
Rule of Three, as 24: 10'10”":: 7h. 52m: 5 17“ which being 
aded, the declination May 7 =17 5 24 gives 19” 10' 41” hence 
the polar diſtance is 72 49 19” and working with which will give 
due tune, 5 h. 33 m. 32”, : 

E X AM- 


be tound to 159 45” the eye being 18 feet above the ſurface of the 
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EXAMPLE II. 


Suppoſe that in the forenoon or A. M. on the gth, of OR, 150%, 
in latitude 512 30'N. and long. 52 E. the altitude of the ſun's lower 
limb ſhould be found as under, the eye being 18 fect above the ſes, 
and true apparent time of the day was required ? 

Times. Altitudes, 
Lat. $51* 30“ N. 


bs 


N. M. a 
20 14 12 28 Co. lat. 38 30 


20 19 13 20 8.'s decl. Oct. 10, per Naut. Alm. 77 1 325 
20 30 14 51 Var. per tab. for lon. 52 E. ſub. 3 15 


3)61 3 40 39 Ditto for 3h. 30m. T. from N. ſub. 3 20 


Mea. 20 21 13 33 +" Wl 
S.s ſem. 16* 5"ditf. 4 28” diff. 1137“ Decl. at ſhip 6 54 515 


— 90 


App. alt. 13 44 37 Polar diſtance 96 54 51 
Refr.—3 51—par. g"diff. 3 42 

Sun's true alt. 13 40 55 

Zenith diſt. 76 10 5 

Co. lat. 38 30 0 Co-: ſec. o, 20585 
Polar diſt. 96 54 51 Co- ſec. 0, 00317 
Sum 211 43 56 

2 Sum 105 51 58 Log. ſine 9,9831 
Zenith diſt. 70 19 5 M 2 
Remainder 29 32 53 Log. ſine 9,69298 
Sum 5 2) 19.8813 


I Sum ſine of 61" 100 34 J the H. angle , 94256 
2 


Hour angle = 122 21 8=8h. gm. 25= time from laſt midnight 
Time per watch 622-0 


Watch too faſt 11 3 
As the time is before noon, the ſine of half the ſum of the logs. 
is taken and doubled, which gives the hour angle reckoned from ” 
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luſt midnight; for there ſeems to be no neceſſity for taking the 
co-ſine of half the four logs. unleſs the obſervation be made in the 
afternoon ; and the learner perhaps will be leſs liable to make miſ- 
takes. 

The declination may be found thus : 

The time per watch is 20h. 21m. from laſt noon the long. in 
time is 3 h. 28 m. which ſubtracted from 20 h. 21 m. leaves the 
apparent time 16 h. 53 m. the daily difference of declination is 22” 
44. Now as 24: 22 44“: : 16 53: 15 59“ which being added 
to the ſun's declination Oct. the 9, = 38 48” gives 6 hours 54 
minutes 47 ſeconds, the true declination at the time and place of ob- 
ſervation, whence the polar diſtance is 96 54 47”. 

Here again it may be proper to obſerve, that as the day in the 
Nautical Almanac begins 12 hours later than the civil-day, and 24 
hours later than the ſea-day, 20 h. 21 m. makes 8 h. 21/ or 21 m. 
after 8 in the morning of Oct. 10th ot the civil-day, and 8 h. 21 m. 
A. M. Oct. 10th according to the fea account of time, therefore 
the end of the ſea-day, the noon of the civil-day, and the beginning 
of the day in the Nautical Almanac are all at the fame time. 


To find the apparent Time by the Altitude of a fixed Star. 


Correct the obſ. altitude for the dip and refraction, 
Find the ſhip's lat. by account at the time of obſervation. 
Find the ſtar's right aſcenſion and declination in table XX. 
Then add together 
Zenith diſtance, 
Co. latitude, and 
Polar diſt. into one ſum. 
From half this ſum ſubtract the zenita diſt. noting the half ſum 
and remainder, 
Then add together 3 | 
Log. co-ſec. of complement of the lat. ] rejecting their 
Log. co- ſec. of polar diſtance, indexes. 
Log. fine half the ſam, and the 
Log. ſine remainder into one ſum. 
Halt the ſum of theſe four logarithms will be the log. co-ſine of 
half hour angle, 
Turn this hour angle into time, and apply it to the ſtar's right 
aſcenſion, by ſubtracting it when the ſtar is caſt of the meridian, or 
| adding it when it is weſt of the meridian, their ſum or difference will 
be the right aſcenſion of the meridian or mid heaven. 
From the right aſcenſion of the meridian (increaſed by 24 if 
neceſſary) ſubtract the ſun's right aſcenſion the preceding noon at 
Greenwich, taken from page 2d of the month in the Nautical Al- 
manac, the remainder will be the apparent time at ſhip nearly. 4 
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To this time apply the long. of the ſhip from Greenwich turns! 
into time, by adding it when it is weſt, or ſubtracting it when it js 
eaſt, the ſum or difference will be the apparent time of the obſery; 
tion nearly by the meridian of Greenwich 

Then ſay, as 24 hours is to the daily variation of fun's right 
aſcenſion, ſo is this time to a number of minutes and ſeconds, which 
2 from the above time, leaves the correct apparent time 2 

p- 1 

EXAMPLE TI. 


Suppoſe on Sept. 7th, 1796, in lat.)“ 45 ſouth, and long. 300 18 
eaſt of Greenwich, the alt. of the ſtar Procyon, being then ealt of 
the meridian, ſhould be 28* 16", and the eye 18 feet above the ſur. 
face of the ſea. Required the true time? 


Star's obſ. alt. 28167 0“ Lat. by ace, 7 45 
Refrac. 147“ 90 
Dip 4 3 5 50 — 
REAR — Co. lat. 82 1 
Star's true alt. 28 10 10 Star's decl. 5 44 58) 
90 | 90 
Zen. diſt. 61 49 50 Polar diſt. 5 44 5 
Polar diſt. 95 44 58 Log. co- ſec. 05002 19 * 5 
Co. lat. 82 15 © Log. co-ſce. o, 0398 
Sum 239 49 48 
Half ſum 119 54 54 Log. ſine 9,9378 
Zen. diſt. 61 49 50 ba 
Remainder 58 5 7 Log. ſine 9,92881 
Sum 2) 19,8728 7 
Half hour angle 30 15 Half ſum 9,93643 
2 —— 
H. M. 8. 
Hour angle 60 30 1 
Star's right aſcenſion 7 28 39 
Right aſcention of meridian 3 26 39 
Increafed by 24 
27 26 39 
Sun's right aſcenſion at noon 1 37 


Time at ſhip nearly 16 20 2 
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Time at ſhip nearly . 16 20 2 
| Ship's lon. 30 180 eaſt in time 2:23 18 


| Time at Greenwich nearly 14 18 50 


| Sun's right aſcenſion, Sept. 7 11 6 37 
Ditto 8 II 10 13 


| Daily lifference 3 36 
| Then ſay, as 24 H.: 3 M. 36S.:: 14 H. 18 M. 50S.:2M.98. 
which ſubtracted from 16 H. 20 M. 2 S. the time at ſhip nearly, 
leaves 16 H. 17 M. 53 S. the true time at ſhip after noon, or 4 H. 17 
M. 53 S. after midnight. 


EXAMPLE II. 


Suppoſe on April 14, 1796, in lat. 48“ 56“ N. long. 66 W. the 
| ob. alt. of Aldebaran, when weſt of the meridian, mould be 22? 
24 J, the height of the obſerver's eye 21 feet above the ſurface of 
the fea, Required the true apparent time at ſhip ? 

Ob. Alt. Star Ald. 229 24 30” Lat. by acc. 48? 50 N. 
KRefrac. 2 18” 90 

Dip 4 22 6 40 — 


—ů— Co. lat. "> Ny 
W Star's true alt. 22 17 50 - — 
90 Star's decl. 16 5 19 
: — 90 
Zen. diſt. 67 42 10 | — 
4 Polar diſt. 73 54 41 
Polar diſt, 73 54 41 Log. co-ſec. 0,017 36 
Co. lat, 41 4 O Log. go-ſec. o, 18248 


Lum 2) 182.40 561 

q Half ſum _ 5 * Sine 00988 
I Zen, diſt, 6 42 18 91999 

b Remainder 2 3 38 I 5 Sine 9,60 309 


Sum 2) 19, 80281 


Half hour angle 379 10 Co- ſine. Halt ſum 9, 90140 

„ 2 — — 

{ tlour angle 74 20=in time 4 57 20 

I Gg Hour 


4 a 


10 


it is beſt to regulate the watch by the Sun. 
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Hour angle 74 20=1n time 4 57 20 

Star's right aſcenſion 4 24 14 
Right aſcenſion of meridian 9 21 34 C 
Sun's right aſcenſion 13 8 L 
App. time at ſhip | 7 48 20 * 
Long. 66 W. in time 424 © 1 
App. time at Greenwich 12 12 4 D 
Sun's right aſcenſion, April 14 I 33 30 In 

Ditto 15 I 37 11 

Daily difference 3 1 


4 
Then ſay, as 24 H.: 3 M. 41 8. :: 12 H. 12 M. 4 8.: 1 NI. 528. 
which ſubtracted from 7 H. 48 M. 4 S. the apparent time at ſhip 
nearly, leaves 7 H. 46 M. 12 S. the correct app. time at ſhip, 


Nork. This method of finding the time is certain, could a good 
horizon be obtained in the night ; but as that is not always the cas 


Another Method of finding the Apparent Time. 
RULE. 


When the ſun or ſtar's declination, and complement of lat. ar 
both north or both ſouth, their ſum *, but if one be north and the 
ether ſouth, their difference is the meridian altitude. | 

From the natural ſine of the ſun or ſtar's mer. alt. ſubtra& the 
natural ſine of the true altitude. 


Then add together | 30 
The log. co- ſec. of the comp. of the lat. rejecting thei 
The log. ſec. of the ſun or ſtar's decl. and indexes. 


The log. of the diff. of the natural ſines into one ſum. 


The ſum of theſe three logarithms, being found in the colun 
of riſing, the hours, minutes and ſeconds correſponding to it, 
be the true time from the noon when the altitude was taken. 

The four Jaſt examples may be worked by the above method. 


* If the ſum exceeds go? ſubtract it from 1 $0, and the remainder will be the ne- 
dian altitude, (See the two laſt examples of the ſun.) 
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EXAMPLE I. 


Co. lat. $02 N. Log. co-ſecant O,IIGT! 
Decl. 17 11 Log. ſecant ©,01983 


Mer. alt. 67 17 N. ſine 92243 
True alt. 15 54 N. ſine 27396 


— — 


Diff. of nat. ſines 64847 Its log. 4, 81189 


4 
1 


ö 
" 
$ 
N 
N 
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| 
f 
f 
| 
a 
" 
A 
| ; 


— -_ 


In col. of riſing gives true time 5 H. 33 30” 4,9 4683 
Differing 2” from the former method. 00 


8 2 „% » „ K 


EXAMPLE II. 


5 CO. lat. 38* 3O'N. Log. co-ſecant o, 2058 5 
Decl. 6 55 8. Log. ſecant 0,00317 

our. alt. 31 35 N. ſine 52374 

1 True alt. 13 41 N. fine 23656 


Diff. of nat. ſines 28718 Its log. 4,45315 


_ — 
— — — 


— — 


In col. of riſing gives true time 3 H. 50 30” 4,66717 
Here we find the time found by this method differs 2 ſeconds from 
that found by the former, but it may be found to the neareſt ſecond 
by taking proportional parts. | 

Thus, the difference between the log of 3 H. 50⁰ 30“ and 3 H. 
51“ is 172, and the difference between the log. ot 3 H. 5030 and 
that in the calculation is 15. | 
Now as: 172: 30”: : 15: 2”, which being added to 3 H. 500 
n 30“ gives 3 H. 50 32”, (ſee the two laſt examples of the ſtars.) 


EXAMPLE HI. 


un Co lat. 820 15 Co-ſec 0,00398 
Decl. 5 45 Sec. o, 0219 


Mer. alt. 76 30 N. ſine 97237 


rue at. 28 10 N. ſine 47204 
Diff. | 50033 Its log. 4,69926 
col. ofrifing gives 4 H. 2 M. | 470543 


Gg 2 


| 
| 
| 
| 


+4 64 Ye „ > jw” 
of ** 21 7 Ty ” 


4 um 1 
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EXAMPLE IV. 


Co. lat, 41* 4 0 Co: ſec. 0, 18240 
Decl. 16 3 19 Secant 0,0173; 


Mer. alt. "0 9 9 N. ſine 84014 
True alt. 22 17 50 N. ſine 37933 


Diff. 46081 Its log. 4.6034 


In col. of riſing gives 4 H. 57 M. 20 8. 4,80329 

Having found the hour angle, proceed to find the true time by the 
ſtars, as has been ſhewn in the two laſt examples, worked by the 
former method. | 


How to know the Stars. 


It ſometimes happens, that for want of a map of the ſtars, ora 
celeſtial globe, many are a loſs to know whether they have obſerved 
by the right ſtar or not, as there may ſome other ſtars come to the 
meridian nearly at the ſame time. But this may be eafily-proved, 
by finding the ſtar's meridian altitude as above; and if it neatly 
agrees with that on the quadrant, it muſt certainly be the right ſta, 
otherwiſe not. The ſame may be obſerved of any of the planets. 

To know when any ſtar comes to the meridian, or what ſtar wil 
be on the meridian at any given time, fee the explanation following, 
table XX. and for their ing and ſetting, with that of the moon 
and planets, ſee the directions following, table XXII. in this bock. 

NoTE 1. If an obſervation of the ſun has not been taken the pre- 
ceding noon, or two altitudes to find the latitude, it may be aſcer- 
rages by taking the meridian altitude of the ſtar, either before or 
after the obſervation is made for finding the time. 

Nor a. If the ſhip's longitude eaſt of Greenwich in time, be 
greater than the apparent time at the ſhip, the apparent time mull 
be increaſed by 24 hours before ſubtracting the longitude ; and in 


t 
this caſe, the ſun's right aſcenſion muſt be taken out of the Ephe- þ 
meris for the preceding day of the month. And if the ſhip's lon- x 
gitude weſt of Greenwich in time, added to the apparent time il 1 
the place of the ſhip, makes more than 24 hours, 24 muſt be ſub- WF - 
tracted from the ſum, to obtain the apparent time at Greenwich; Ke 
and the ſun's right aſcenſion muſt be taken out of the Ephemem Bn d 
for the ſubſequent day of the month. The object, whether {un d 


or ſtar, whoſe altitude is taken for finding the time, muſt be at leaſt 
three or ſour points of the compaſs diſtant from the meridian; be. 
cauſe, when near to the meridian, the alteration in altitude 1s t00 
flow for aſcertaining the time with proper exactneſs: but the neat 


the object is to the eaſt or weſt the better, provided it be not 
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than b high; for the refraction is fo variable and irregular near to 
the horizon, that the effect of refraction upon objects cannot be de- 
termined with ſufficient accuracy, when their altitudes are leſs than 


6 degrees. 
The Method of finding the LoxcituDE at SEA. 


HE ſurpriſing improvements made in navigation within the 
laſt thirty years, is beyond the molt ſanguine expectation; 
and though ſeveral nations have contributed towards this important 
end, the Engliſh have (by the encouragement given by parliament, 
and the great improvements made, in nautical inſtruments and cal- 
culations) outdone them all, ſo that, by the help of the improved 
ſextant, the Nautical Almanac and the requiſite tables, contained in 
this book, a ſkilful and expert obſerver can determine the longitude 
to a degree of certainty, that people unacquainted with the opera- 
tion, would ſcarcely think it poſſible. 
| Whatis here meant by aſkilful and expert obſerver, is, an artiſt who 
can in an inſtant bring the two limbs of the objects whoſe angular 
diſtance is to be meaſured into contact, in the centre of the inverted 
teleſcope, and, that can rectify any little defects, or errors that the 
inſtrument is liable to on account of its being handled or moved 
about, &c. To do which the following inſtructions may be found 
uſeful to the young artiſt. 

1ſt. The inſtrument muſt be adjuſted thus: bring O on the no- 
nious to coincide with O on the arch, then ſee it the index glaſs 
ſtands perpendicular to the plane of the inſtrument, if it does not, 
alter it by means of the ſcrews for that purpoſe ; after which, the 
refleCted image of the ſun muſt be brought directly over the true 
image, ſo that but one image appears; this being done, which is b 
no means difficult, the inſtrument is properly adjuſted, as the litt 
ſpeculum will ſtand parallel to the great one. 

But to preve the inſtrument after this adjuſtment, and to find if 
there is any index error, move the index forward on the arch, and 
bring the true and reflected images of the ſun's limbs into contact, 
and note what his diameter meaſures. Again, move the index back- 
Ward on the part of the arch behind the O, and bring the reflected 
and true images of their limbs into contact as before, and note 
what his diameter meaſures ; half the difference between the two 
diameters is the index error, which muſt be ſubtracted when the 

'ameter meaſures more on the arch than on the extra arch, other- 
wile it muſt be added. 

Suppoſe, for example, the ſun's diameter, meaſures when the 
nden is advanced on the arch 347, and at the ſame time when the 
| Index is put back on the extra arch 3007, the difference is 4 then 2 
is the index error, which muſt be ſubtracted from all altitudes or- 

angular 
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angular diſtance taken, becauſe the ſun's diameter meaſured myre 
on the arch before © than behind it. 

After the index error is found, yet before the inſtrument is fit 
to take the angular diſtance between any objects, there is another 
adjuſtment requiſite, which is, to ſet the axis of the teleſcope 
parallel to the plane of the inſtrument. 

Ihe method of doing this, is, making obſervations of angles az 
much above go* as poſſible, uſing the inverted teleſcope ; in doin 
of which the wires in the focus of the eye-glaſs muſt be fl 


placed parallel to the plane of the ſextant, after which bring the ſun” 


and moon into very nice contact, on the centre of the wire neareſt 
the ſextant, taking care that the index is not the leaſt moyed, 


then direct the teleſcope in an inſtant fo that the images may appear 


in the centre of the outer wire which is fartheſt from the ſextant, 
and if the contact appear the fame at this wire, the axis of the tele- 
ſcope is parallel to the plane of the ſextant; on the contrary, if 
the limbs of the objects appear to ſeparate at the wire which is 
fartheſt from the ſextant, it is plain the object- end of the teleſcope 
is too far from the plane of the ſextant, and muſt be corrected by 


turning one of the two ſcrews of the ring into which the teleſcope 


is ſcrewed and fixed, having previouſly unturned the other ſcrew. 
If the limbs of the images over-top each other at the aforeſaid 

wire, it ſhews that the obſect- end of the teleſcope is too near the 

plane of the inſtrument, and conſequently muſt be brought parallel, 


y means of the icrews, and this method muſt be purſued until the 


diſtange of objects are found perfectly the fame, at each wire, 
which ſtands equi-diſtant from the centre of the teleſcope and pa- 
rallel to each other, in which caſe the axis of the teleſcope will be 
exactly parallel to the plane of the ſextant, and then you may pro- 
ceed to meaſure the angles for the obſervations, obſerving to bring 
the limbs of the objects in exact contact, in the centre between the 
two wires before-mentioned. 


To take the Obſervations requifite for determining the Longitude. 


Firſt, find the apparent time at the · place of obſervation, by taking 
ene or more altitudes of the fun, and noting the times by a g 
watch, from each obſerved altitude, or, from the mean of ſeveral 
altitudes compute the time; the difference between this time and 
that by the watch, will ſhew how much the watch is too faſt or too 
flow, for in all caſes the mean of. ſeveral obſervations is moſt to 


| be depended on, and the beſt time for making theſe obſervations of 


the ſun's altitude is, when it changes quickeſt, or when he bears 
nearly caſt or weſt. 

In obſerving the diſtance between the objects three obſervers 
muſt be in es Nen with their ſextants or quadrants, well adjuſt 


as before directed; and, the watch either ſuſpended near one of the 


obſervers, 


A ww £ ti» mo 
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obſervers, or put into the hands of a fourth perſon appointed to 
note the times. The obſerver who takes the angular diſtance giv- 
ing previous notice to the others to be ready with the altitude by 
the time he has finiſhed his obſervation, which being done, the 
time, altitude and diſtance ſhould be carefully noted; and other 
{ets of obſervations taken, which muft be done within the ſpace of 
15 minutes, and then take the means, which will be preferable to 
any fingle obſervation. In taking the altitude of the moon the 
limb that is the beſt defined whether it be the upper or lower, muſt 
be brought to the horizon ; if there are not a ſufficient number of 
obſervers, then take the altitudes, the deficiency may be ſupplied by 
computing the altitudes after the diltance is taken; the method of 
doing it will be ſhewn hereafter. 


To Meaſure the Diſtance between the Sun and Moon. 


Turn down one of the ſcrews and hold the quadrant or ſextant, 
ſo that its plane ſhall paſs through the ſun and moon; look at the 
moon through the tranſparent part of the horzzon glaſs; and 
keeping her there, move the index gently until the ſun's image is 
brought into the filvered part of the horizon glaſs, bring the 
neareſt limbs of both obje©s into contact; move the arch of the 
inſtrument gently up and down, and the fun will appear to rife and 
fall by the fide of the moon. Move the index until their limbs ex- 
actly touch each other, when this is done the obfervation is made, 
and the index will ſhew the angular diſtance, which is beſt read ott, 
by a magnifying glaſs. 


To take the Diſtance between the Moon and a Star. 


Direct the plane of the inſtrument through both objects, look at 
the ſtar through the bright part of the horizon glaſs; keep it 
there, and bring the moon's image into the ſilvered part of the fame 
glaſs; move the index gently, until the enlightened limb of the 
moon juſt touches the centre of the ſtar, keep the ſtar in fight, 
and move the arch of the inſtrument gently up and down, and the 
moon will appear to paſs over the ſtar, and then the obſervation is 
completed, | 
The round or well defined limb of the moon, whether it be the 
neareſt or fartheſt from the ſtar, muſt be brought into contact with 
it. When the object to be ſeen by reflection is to the right-hand 
of that ſeen directly, the inſtrument is held with its face upward. 
But when the object to be ſeen by reflection, is to the left-hand 
of that ſeen directly, the inſtrument is held with its face downward. 
A readineſs in the uſe of the quadrant and ſextant, is beſt gained 
by practice which the learner may render familiar to himſelf by 
: | oblerving 
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obſerving the angular diſtance of objects on land, or by candles 
placed in various politions in a room. 

Remark 1ſt. The taking the angular diſtance may be rendered 
more eaſy and accurate, by bringing the objects nearly into contact 
in the common way, and then fixing the index tight to a certain 
degree and minute, and then waiting until the objects are near| 
in contact; giving notice to the aſſiſtants to get ready with the al. 
titudes, and when the objects are exactly in contact to call for the 
altitudes and exact time by the watch. The obſerver may then 
prepare for taking another diſtance, by ſetting his index three or 
Jour minutes forwards or back wards according as the objects are ap- 
proaching to, or receding trom cach other, and then proceed to take 
the diſtance, the altitudes and time by the watch as before. Thus 
may as many diſtances and altitudes be taken as the obſervers 
think proper, and then take the means to determine his longitude 


by. 

Chis mode of taking the diſtance, will not only caſe the eye of 
the obſerver, but alſo enable him to manage his inſtrument with 
greater facility in every direction. If the obſervation be made, as it 
ought to be, at the diſtance of two hours before or after noon, 
the true time may be found by the altitude of the fun, taken at 
the preciſe time of taking the diſtance, thus will any irregularity in 
the going of the watch, be prevented from affecting the reſult of 
the obſervations. 

If a night obſervation is to be taken, the watch ſhould be regula- 
ted by the altitude of the ſun the evening before, and its going 
compared with another taken the next morning, for the time Gund 
by the altitude of a ſtar cannot ſo well be depended on, as the at- 
moſphere in the night is precarious, though it may be ſufficiently 
correct for finding the refraction uſed in determining the angular 
diſtance. 

Remark 2d. The obſerver muſt take the moon's diſtance from 
thole ſtars only, whoſe diftance from her are ſet down in the Nau- 
tical Almanac, and the diſtances there ſet down afford him a ready 
means of knowing the ſtar from which her diſtance onght to be 
obſerved : by ſetting his index to the diſtance computed roughly A 
the apparent time, eſtimated nearly for the meridian of Greenwich, 
and then look to the eaſt or wel? of the moon, according as the 
diſtance of the ſtar is ſet down in the 8th, gth, roth, or 11th pages 
of the month in the Nautical Almanac, and having found the 
moon on the horizon-glafs he will, by ſweeping with the quadrant 
or ſextant, to the right, or left, find the ſtar he wants, if above the 
horizon, and the air be clear, in a line, perpendicular to that join- 
ing the moon's horns or her ſhorteſt axis produced. 

he time at Greenwich is eſtimated roughly by turning the 


ſhip's ſuppoſed longitude from Greenwich into time, and * 
I 
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to, or ſubtracting it from the apparent time at the ſhip, according 
as the longitude is eaſt or welt, will give the apparent time nearly 
at Greenwich. 

Take the diſtance of the object, out of the Nautical Almanac 
both before and after this time; 

Then ſay, as 3 hours or 180 minutes: is the difference of diſ- 
tance in 3 hours : : ſo is the difference between this nearly eſtimated 
time, and the next preceding time ſet down in the Nautical Almanac : 
toa number of minutes; which being added to the next preced- 
ing diſtance, if it is increaſing, or ſubtracting it, if it is decreaſing, 
will give the diſtance nearly at the time the obſervation is intended 
to be made, and, to which the index of the ſextant or quadrant muſt 
be ſet. 

Care muſt be taken not to confound the days in the Nautical Al- 
manac with the civil days, as the civil day begins 12 hours before it, 
nor with the ſea day which begins 24 hours before it. 


7o Reduce the objerved Diſtance of the Moon from the Sun, or 
a Star to the true Diſtance. 


The neceſſary preparations : 


URN the longitude into time, and add it to the apparent time 
at the ſhip, if it be weſt, but ſubtract it if it be eaſt; the 
ſum, or difference will be the ſuppoſed time at Greenwich, which 
call reduced time. 

In page 7th of the month in the Nautical Almanac, find the 
neareſt noon or midnight, both before and after the reduced time. 
Take out the moon's ſemidiameters and horizontal parallaxes cor- 
reſponding with this noon and midnight, and find their differences. 
Then * as 12 hours: is to the difference of the moon's hori- 
zontal parallax in 12 hours : : ſo is the reduced time to a fourth 
number, which being added to the moon's horizontal parallax for noon 
or midnight, if it is increaſing, but if decreaſing ſubtracted from it; 
this ſum, or difference, will be the moon's horizontal parallax at 
the reduced time. | | 
And, as 12 hours: is to the difference of the moon's ſemidiameter 
in 12 hours : : ſo is the reduced time to a number of ſeconds, which 
being added to, or ſubtracted from the moon's ſemidiameter the noon 
or midnight before the reduced time, will give the moon's ſemidia- 
meter at the reduced time. | 
To which add the augmentation of her ſemidiameter according 
do ner altitude, and the ſum will be the moon's true apparent ſe- 
midiameter, When the reduced time is any even part of 12 hours, 
$2: 32 or 2, &c. ſuch parts of the difference of the ſemidiameter 
nd horizontal parallax may be taken and added, to, or ſubtracted as 
H h above, 
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. 555 witkout being at the trouble of working by the Rule of 
ree. | 

To the obſerved altitude of the ſun's lower limb, add the difference 
between his ſemidiameter and the dip of horizon, the ſum vill be 
his apparent altitude. : 

From the ſun's refraction, take his parallax in altitude, the re. 
mainder will be the correction of the ſun's altitude. 

From the ſtar's obſerved altitude take the dip of the horizon, 
and the remainder will be its apparent altitude. 

The refraction is the correction 4 the ſtar's altitude. 

Take the difference between the moon's ſemidiameter and the 
dip and add it to the'obſerved altitude, if her lower limb was taken, 
or ſubtract it, if upper limb was taken, the ſum, or difference, 
will be the moon's apparent altitude. 

From the proportional logarithm of the moon's horizontal parallax, 
found in the Nautical Almanac, (increaſing its index by 10) take 
the logarithm co- ſine of the moon's apparent altitude, the remain- 
der will be the proportional logarithm of her parallax, in altitude, 
From which, take his refraction, and the remainder will be the cor- 
rection of the moon's altitude. 

To the obſerved diſtance of the moon from a ſtar, add the moon's 
ſemidiameter, if her neareſt limb was taken, but ſubtract it, if her 
fartheſt limb was taken, the ſum, or difference, will be the apparent 
diſtance, But, 

To the obſerved diſtance of the ſun and moon's neareſt limbs, 
add both their ſemidiameters and the ſum will be the apparent di- 
tance of their centers. 


Nor. There are 12 pages in each month in the Nautical 
Almanac. 
The ſun's declination is found in page II. 
The ſun's ſemidiameter in III. 
The moon's ſemidiam. and horizontal parallax VII. 
Tue diſtance of the moon from the ſun, &c. VIII. IX. X. XI 


The Tables in this Book. 


Table 
The proportional logarithms IX. 
The effect of parallax, on the moon's diſtance X. 
To turn time into degrees, and the contrary XI. 
Refraction of the heavenly bodies XII. 
Dip of the horizon XIII. 
The ſun's parallax in altitude XIV. 


The augmentation of the moon's ſemidiameter XV. 


To corre the ſun's decl. under any meridian, XVIII. 
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Having the Apparent Altitudes of the Objects, and their Ap- 
parent Dijtance, to find their true Diſtance, 


iſt, Add together | 
HE proportional logarithm of the correCtion of the ſun's or ſtar's 


altitude, f 
The log. co- ſine of the ſun or ſtar's apparent altitude, 
The log. ſine of the apparent diſtance, 

The . co-ſecant of the moon's apparent altitude, 


Their ſum, (rejecting 30 in the index) will be the proportional loga- 


rithm of the firſt arch: 
2dly. Add together ” 
The proportional log. of the correction of the ſun or ſtar's altitude, 
The log. co-tangent of the ſun or ſtar's apparent altitude, 


| The og: tangent of the apparent diſtance, 


Their ſum (rejecting 20 in the index) will be the proportional loga- 
rithm of the ſecond arch: ä 


Take the differenee between the firſt and ſecond arches, and add it 


to the appa. diſt. if leſs than go*; and the firſt arch be greater 
than the ſecond, but if it be leſs ſubtraCt it; 

But, if the diſt. be more than o, the ſum of the arches added to 
the appa. diſt. will give the diſt. corrected for the retraction of the 
ſun or ſtar. 

3dly. Add together 
The proportional logarithm of the correction of the moon's altitude, 
The log. co- ſine of the moon's apparent altitude, 


ne log. line of the diſtance corrected for the ſun or ſtar's refraction; 


The log. co- ſecant of the ſun or ſtar's apparent altitude: 


| Their ſum (rejecting 30 in the index) will be the proportional loga- 


rithm of the third arch. 
4thly. Add together 
he proportional log. of the correction of the moon's appa. altitude, 
The log. co-tangent of the moon's apparent altitude, 


Ihe log. tang. of the diſt. corrected for the ſun or ſtar's refraction; 


| Their ſum (rejecting 20 in the index) will be the proportional loga- 


rithm of the fourth arch. 


Take the difference between the third and fourth arches, and ſub. 


tract it from the diſtance corrected for the ſun or ſtar's refraction, 
in leſs than go, and the third arch be greater than the fourth; 
or, add it to the diſtance corrected, if the fourth arch be greater 
than the third ; But, if the diſtance be more than 90?, the ſum of 
both arches muſt be ſubtracted from it ; and the ſum or difference 
will be the diſtance corrected for the ſun or ſtar's refraction, and 
the principal effect of the moon's parallax, 2 
; In table X. look for this laſt corrected diſtance in the top co- 
Ya, and the correction of the moon's altitude in the leſt-hand- 
de column; take out the number of ſeconds that ſtand under the 
Mer and oppokte to the latter. 
Hh 2 Look 
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Look again in the ſame table for the corrected diſtance in the ty 
column, and the principal effect of the moon's parallax in the 
lefthand- ſide column, and take out the number of ſeconds that 
ſtand under the former and oppoſite the latter. The difference he. 
tween theſe two numbers muſt be added to the correCted diſtance if 
leſs than 90, but ſubtracted from it if more than go? ; 

The ſum, or difference, will be the true diſtance, 


Having the true Diſtance and Time to determine the Longitud:, 


In the Nautical Almanac, among the diſtances of the objects, look 
for the computed diſtance between the moon and the other obje& 
obſerved on the given day, if it is found there, the time at Green- 
wich will be at the top of the column, but if it falls between two 
diſtances, as it generally will, take the difference between the diſ- 
tances that ſtand immediately before and after the computed dif. 
tance, and alſo the difference between the diſtance ſtanding before it 
and the computed diſtance. a | 

Then take the proportional logarithm of the firſt difference, 
which is the difference in three hours, and the proportional logarithn 
of the ſecond difference, which is the difference between the com- 
puted diſtance and the diſtance before it. 

The difference between theſe two logarithms will be the propor- 
tional logarithm of a number of hours, minutes, and ſeconds, which 
being added to the time ſtanding over the firit diſtance in the Nau- 
tical Almanac, will give the true time at Greenwich. 

The difference between Green. time and that at the ſhip turned 
into longitude, will be the longitude in, at the time the obſerva- 
tions were made, which will be eaſt if the time at the ſhip be greater 
than that at Greenwich, but if it be leſs, the longitude will be well 

Or the proportional part of time may be found by ſaying ; 

As the firſt difference: is to 3 hours : : ſo is the ſecond difference 
: to a proportional part of time, which being added as above directed, 
will give the true time at Greenwich. 

The foregoing rules will be rendered eaſy by the following el. 
amples, which are only here ſuppoſed, but will anſwer the purpoſe 
of inſtructing the learner as well as if the altitudes and diſtance 


had been aCtually taken. 


Norte. In working the following examples, it will ſave ſome time, if all the 
logarithmic fines, tangents, ſecants, and proportional logarithms, which fall at the 
ſame opening of the book, be taken out at tae ſame time, both in the firſt and ſecond 
parts of the operation. ; 

Thus, the co-ſine and co-tangent of the ſtar's apparent altitude, and co-ſecant® 
its altitude may all be taken out at the ſame time, and written down in different 
parts of the paper, (or in a formula) and ſo may the co-ſine, co-tangent, and co 
ſecant of the moon's apparent altitude, the ſine and tangent of the apparent d * 
and the fine and tangent of the diſtance corrected, for the refraction of the ſun or N. 


In order to fhorten the following work, © ſignifies the ſun; ) the moon; & a ſtar ; P. L. ij 
portional logarithm ; L. L. lower limb ; Up. L. upper limb; Hor. P. horizontal parallax; Mn 
Nantieal Almanac, | ; | 

EX AN 


* 
* 


& 3» ana ED 
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EXAMPLE I. | 

Suppoſe on Jan. 30, 1796, in long. 11 E. by account, at 10 h.1 ;/ P. M. per 
watch, the diſtance of the moon's fartheſt limb from the ſtar Regulus was 63®50/20, 
when the alt. of the moon's lower limb was 242 18/40//, and the ſtar's 452 13/4, the 
eye being 18 feet above the ſurface of the ſea: required the true longitude ? 

H. M. 8. 

Time per watch 10 15 oo Y's ſemid, at noon 15” 3“ Hor. par. 55“ 14 
Leng. 11» in T. o 44 00 Ditto at midnight 14 59 Hor. par. 54 59 


Reduced time 9317/00 Diff. in 12 hours 4 Diff. in 12 hours 15 
J's alt. 24 18 40 as 12: 4/29 :3“ and as 12:15“: 9 12“ the P. parts 
Sem, 15 Ito in 4 d's ſem. at N. 15/ 3 Hor, par. at noon 55 14 


Di 
SSR Dittoatred.t.15 o Ditto at red. time 55 2 P. I.. 10,5146 
App. alt. 24 29 44 Augmentation 7 Dos ap. al. 24 29744 L. coſ. 9,9590 


)'s true ſemidiameter 15 7 Dos par. in alt. go! 5 0,55 56 
* s Obſ. alt. | 459213 15 Y's refraction 2 5 
Dip 4 3 — 
— (— Cor. of 's alt. 48 o 
* s app. altitude 45 912 Obſerved diſtance 63® 50 2000 
* refraction 57” is its correctien. D's ſemidiameter o 15 7 
App. diſt. of ) and & 63 35 13 
To find the Diſtance. 
Cor. of & s alt. Pr. log. 24775 P. L. 2,2778 
* s app. alt. 45%“ o Log. coſ. 9,8483 Co-tang, 9,9977 
App. diſt, 63 35 o Log. fine 9,9521 Tang. 10, 3038 
* app. alt. 24 30 © L. co-ſec. 10, 3822 — 
Reject 20, 2d Cor. 29“ P. L. = 2,5790 
Reject 30 iſt cor. 37 P. I. 2,4601 1ſt Cor. 37 
Diff. 1ſt and 2d cor. 8 
App. diſt - 63 35 13 
Diſtance correRed for * 's refraction 63 35 21 
Cor, of 's alt, 48 40 Pr. log. 0,5740 P. L. 0,5740 
J's alt. 24 30 © Log. coſ. 9,9590 Log. co-tang. 10,341 
Cor, diſt, 63 35 0 Log. ſine 9,9521 Log. tang. 10,303 
* Salt, 45 9 © Co. ſec. 10,1493 — 
| | ——— RejeR 20 4th cor. 1o' 52” P. L. 1,2191 
Reject 30-=3dcor, 41 46 P. L. 046344 6 zd cor. 41 46 
Principal effect of 's parallax 30 54 
| Corrected diſtance G3 35 21 
Cor, tab, X. gives 9 — 
decond in ditto gives 4 Diſt. cor. for princ. effect 


— of refr, and par. 63 4 27 
5 Differencc to be added 5 


By) ; True diſtance 63 4 32 
de Ephemeris, 1 diſt. at 9 h. 620497 15“ Diſt. at 9 h. 62 49 15 
Jan. 30, 1796, Diitto at 12 64 19 56 — 

— —— iſt diff. 0. 16 19 P. 3,076 
1 30 41 2d diff. 1 30 41 P. L. 0,2977 
e M..:* ie 

Time ſtanding over iſt diſt, 9 0 o Diff, of T. bet. Sh. and Gr. 30 20 P. L. 0,7733 

ff, of time 30 20 


— 


Fins 9 30 20 Now 44 40% turned into long. gives 119 10/00” 
eatſhip 10 15 © andit isE. becauſe the time at the ſhip is more 
than that at Greenwich, 


Diff of . betw. ſh, and Gr « 44 40% 


3 


< be - 


. wü — 4A 
9 5 Þ 8 
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EXAMPLE II. 

Suppoſe that on the 31ſt of May, 1796, a ſhip at ſea in long. 230 eaſt of Greenwich 
by account, at 5 hours 36 minutes in the afternnoon by a watch well regulated, the 
qiſtance of the fun and moon's neareſt limbs ſhould be obſerved to be 68® 19 M. 
S. at the ſame time the altitude of the ſun's lower limb was 312 48 M. 4, and that o 
the moon's lower limb 23% 48 M. 4, the eye being 18 feet above the ſurface of the 
ſea, and the ſhip's true longitude he required? 

Time per watch 5 36 Þ 'sſemi-diam. at noon 15 49 Hor. paral, 5 


Long. 239 E. in Ti. 1 32 Ditto at midnight 15 56 Ditto 58 29 
Reduced time 4 4 Diff. in 12 hours 9 2 28! 
©'s obſ. alt 31248' 15” Now as 2h. : /:: 4h.: 2“ and as 12h. :28;: 4h 
Semdi. 15 49” | 
Dip 4 3 Diff. 1 46 Semidiam. at noon 15 49 Hor. par, 8 | 
Os app. alt. 32 © 1 Semqdi. at red. time 15 51 Hor. par. at red. I. 58 19 
Ref. 1/31) —par. 8= Augmentation 7 Obſ. diſt, 6881027 
Cor, O's al. 123% 
D's ſemidiam. 15 58 | 
Os ditto 15 49 Sum 31 4? 
Y 's hor. par. 58 10 P. L. 10,4906 — 
Þ 's app. alt. 24 © 10 L. col. 9,9607 Ap diſt, of O's & Y's centres 68 42 11 
1 's par. in alt. 53 8 P. I.. 5299 )'s obſ. alt. 23 4816 
efract. 2 7 Semidi. 15 58'—dip 4' 3” diff, 11 55 
Cor. D's alt. $51 1 )'s app. alt. 24 00 10 
Cor. of O'salt. o 1 21 P. L. 2,1143 © 1 23 P.L. 241143 
O's app. alt. zz 0 ©o L. co-ſi. 9,9284 32 00 0 Co. tan. 10,2042 
App. diſt. 68 42 O U.. fin. 9,9692 68 42 © Tan. 10,4099 
Y's app. alt. 24 0 © L.co-ſec. 10,3907 Reject 20 P. L. 2d an. 20” 27775 
Firſt angle 43 
Rejoct zo=1ſtan, 43 Pro. log. 2,4026 3 
| Difference 23 
App. diſt, 68® 42/11 
Dift. corrected for principal effect of O's ref. 68 42 34 
Cor. of Y's alt. 51 1” P. L 0,5475 8 P. L. 0,5% 
Þ's app. alt. 24 o L. coſ. 9,9607 24%? © © C. tang, 1043514 
Diſt. corr, 68 42 34 L. ſine 9,9692 68 42 34 Tan, 10,4092 
O's app. alt. zz 0 © L. co. ſe. 10,2758 * 
Re ject 20 p. L. 4th an. 8“ 51” 1,50 
Reject 30 P. L. of zu an. 31 46 7532 zd an, 31 46 
Cor. from tab. X. gives 8“ — 
Cor. from ditto gives 1 Principal effect of para. 22 55 
———Diſt. cor. for princ eff. of ref. & pa. 68 42 34 
Difi. of corrections 7 
24 cor. diſt. 68 19 39 
Correction 7 
By the Ephemeris for May zr, 1796 True diſt. 68 19 46 
Firſt diſt. at 3 h. 682 57" 447 Ditto at 3 hour 68957 44 
Second diſt, at 6h, 67 23 15 Computed diſt. 68 19 46 
Diff. in 3 hours 1 34 29. P. L. 6,799 37 583 
Compured diff. 37 38 P. L. 6,6739 
HM. M. 8. 
Prop. log. of 1 12 19 3960 
T. over 1ſt diſt, 3 u. . 8. 


1 23 41 the diff. of time between the ſhip and Se 
T. at Greenwich 4 12 19 wich, beingbrought into long. by allowing! 5 degra 
T. at ſhip 5 36 o &c, for every hour, briefly by table XI. gives * 
— $4 1; the long. in; and it is eaſt, becauſe the tim 
1 23 41 the ſhip is more than at Greenwich. 


© x,  -w 


py — 8 WW hy 


 «_c.«. OA 
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EXAMPLE III. 


$1ppoſe that on the 20th of Nov. 1796, a ſhip at ſea, in long. g? weſt of Green- 
wich by account at 6 H. 10 M. P. M. per watch well regulated, the diſtance of the O's 
and J's neareſt limbs ſhould be obſerved 102® 57/4, when the alt, of the O's lower 
limb was 182 47/4, and that of the 's lower limb 702? 32 the eye being 20 feet above 
the ſea, and the longitude be required ? 


H. Ms M. 8. 
: Time per watch 6 10 Y's ſem. n. 16 11 Hor. Par. n. $9 25 
J Long. 9 W 36 Ditto at m. 16 6 Ditto atm. 59 5 
* Red. time 6 46 6 P. part 3 20 P. part 11“ 
9 16 11 
— Hor. par. 59 25" 
x 16 8 
10 5s obf. alt. 700 32/ % Ang. 15 Hor, p. red. time 39 14” 


dem. 16023“ Dip 416“ 0 12 7 
— Sem. red. ti. 16 23 

)'s app. alt. 70 44 7 O's ſem. 16 15 Sum o 32 38 

Obſ. diſt. 102 57 30 


1 
ah M. 3. india 
in )'s hor. par. 59 14 P. log. 10,4827 App. diſt, of cent. 103 30 * 
)'s app. alt. 70 44 © co- ſ. 9,5184 Os obf. alt. 18 47 30 
16 — Sem. 16" 15 —dip 4" 182 11 59 
i5 )'s P. in alt, 19 33 P. log. 9643 as 


Ref, 19 O app. alt. 18 59 29 
— Ref. 2 44” Par. 8” = 2” 36” © 's cor, 


— Cor. J's alt. 19 14 

13 Cor. of O's alt. o® 2736“ P. log. 1,8403 „„ 1,8403 
* 9's alt, 18 59 o Co- ſ. 9,9757 Co-t, 10,4634 
095 App diſt, eee 8. 9,9878 T. 10,6196 


)'s alt, 70 44 © Co-ſe. 10,0250 — 
| Reject 20 P. log. 2d ang, 13” 292 33 
Reject 30 Pro, log. iſt Ang. 2 40” 1,8288 Pro. log. iſt ang, 2 40 


Sum 2 $3 
App. diſt, 103 30 $ 


Dift. cor. for O's ref. 103 33 1 


er. 5 an. 19 14% P. L. 0712 P.L. oe 
— 5 . ap. alt, 10044 Co- fine 9,5184 Co-t. 9,8435 
— 1 103 33 Sine 99877 T. 10,6179 
351 | O's alt. 18 59 Co-ſe. 10,4877 
Rei Reiect 20 P. L. 4th ang. 13116“ 7,1326 
Keject 30 P. log. 3d ang. 19“ 30” 0,9650 P. L. 3d ang. 19 39 
SH Prin. eff. of para. 32 46 
Diſt. cor. 103 33 1 
Diſt. cor. for the prin, eff, of para. and ref 103 5 
5 8 11. P . * O 1 
3 * Cor. Table . d 0 q F a 
pry 2 Diff. 
big. = . 103 24 28 ; 3 
1 tot 46-2823 True diſt. 103 © 13 
4 — —— Diſt at 6 au. 103 24 28 
45 24 Diff. 24 15 P. L. $706 
I Iſt Diff. 1 37 36 P. L. 2651 
1 Diff. of time betw : | : — — 
17. m. een ſhip and Greenwich 44 43 P. L. 6048 
. Time ſtanding over firſt diſt. 6 & © F 
4 ue time at Greenwich 31 
4 II a: 1 44 43 
im n 6 10 © 
Diff. of +; : 
of time between ſhip and Greenwich 34 43 = $? qo' 45” the longitude ia, 


. And 1 7 ; 
ess Welt, becauſe the time at ſhip is leſs than at Greenwich, 
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SA AMPLE IV; 


Suppoſe a ſhip at ſea in long. 45 30 W. by acc. on June 13, 1796, at 3 H. 17 20 
P. M. the followitg obſervations were taken when the eye was 21 feet above the 
fea, and the corrections of ſeveral quadrants as underneath, 


Alt. of Y's|Diſt. of O 7; 8 
A. 1 . L. Time at ſhip 3 17 20 
| up. limb. & » , N. Lis Long. 45? 30 W. 3 2 0 


DB. M. 8. db. M. 3. | D. M. s | 
u. 5. | v. . 8. Red. T. 6 19 20 
| 45 54 ©O| 19 32 © | 106 16 45 Ds Sem. N. 15/18” Not yer 56 9 


4 45 45 ©| 19 52 ©| 106 17 45] B, N ; 
45 18 a5l 00 3 & | 106-18 enn nnn 


45 4 0| 2017 30 | 106 18 45| PDitf. in 12 hours Diff. in 
} 44 48 30 20 34 © | 106 19 15 Y's Sem. 5 1 
50226 50 15|100 20 30 531 31 0 ä IP 
15 1 
Mean 45 22 3 20 4 6G | 106 18 12 Augmentation s 5 
Er. quad. — 48] — 10 — 2 2 ERROR $28 
D's Sem. 15 21 
45 21 15] 20 3 6 | 106 15 35 
4 4 22 | | )'s obſ. alt. 19 58 44 
| Y's app. alt. I 2 
El 45 16 53119 58 44 106 15 35 r 9* 9 43 23 
Oblerved diſt. of O and ) 106? 15 357 Prop. part 11 
Sum ſemid. © and) 31 8 


Ditto at red. ti. 55 58 Prop. log. 10,5073 
App. diſt. of their centers 106 46 43 Y's ap. alt. 19 43 23 Co-line _ 9973 


Par. in alt. 52 41 P. L. $33 


Ref, 2. 37 f 
— — Ref. O's alt. $6 ) 
Cor. Y's alt. 52 4 Par. 7 . 


— 


O's alt. 45 16 53 Cor. O's alt. 49 
Ditto Sem. 15 47 


O's ap. alt. 45 32 40 


Cor. of O's alt. 49” P. L. 2,3432 P. L. 2 % 
O's App. alt. 452 32'4o” Co-fine 9,8454 Con. 9% , 
App. diſt. 106 47 Sine 959810 T. 10,320 
D's App. alt. 19 4 Co- ſec. 10,4748 _ _—_ A 
: | . Reject 20 P. L. 2d ang. 15” 35 F 
Reject 30 P. L. of iſt ang. 25” 256414 1ſt ang. 25 Cor 


App. Diſt, 106 46 43 


Cor, «iſt. 106 47 23 


Cor. of Y's alt. 5004“ FM ©,5557 F. L. 3» 
Des Alt. 199 43 Co- ſine 9,9737 Cost. 1 
Cor. diſt. 106 47 Sine 9,9810 T. 1099 
O's app. alt. 45 33 Co-ſec, 10,1464 : 7 

Nei. 20 P. L. gth ang. 25 1 
Pr. log. of zd ang. 39 49” reject 30 0,6569 34d ang. 39 49 


Prin. eff. of par. 45 5 
Cor. diſt. 106 47 23 


: ; . Z 
Diſt. corrected for principal effect of ref. and par. 106 2 15 
Firſt cor, from Table X. 6” 
Second cor, from ditto 4 3 | 
| 3 Diff. a 
Diff. 7 Or I ang 


True diſt. 106 -2 16 


(ft diſt, at 6 h. 


Diff. time a 
the time at ſhip is leſs than at Green, 


105258 3 
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Frue diſt. 
107 24 54 PFirſt diſt. 105 58 3 


i diff. 1 . 

1. diff. time 8 44 
I. ſtand. over the 1ſt diſt, 6 © o 
True time at Green, 6 $ 44 
Time at ip 117 20 


1065216“ 


. Bog 


— — 
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P. L. 1,6303 


4 13 28 


0,3165 


„3138 


2 51 24 =42® 51' the long, in, and it is weſt beauſe 


EXAMPLE. TV. 


Sdppoſe hat on the 15th ef May, 1796, in long. 29 E. the eye 21 feet above the 
{a, the following obſervations were made, and the true luagtude be required? 


n. M. 3. 
12 41 19 
8 


I2 33 19 
D Semi. 152 25}, and the ang. 


5 Alt. of Alt. Y s | Diſt. 5 £ 7 
Times Spica. L. I.. far. L. ime per Wate 
BRAT Long. 22% E. 
U. . 3; . 5. p. M. 3. p. N. SJ Ti. at G 
12 36 144 19 50 30 18 6 o 31 30 45 up. 11, at Green, 
14 39 8 0 1 n 21. c 31 31 30 ppt Bhs | 
12 41 41 20 15 018 39 30 31 34 C 67 added 81ves the true ſemi. 
12 43 45 20 29 018 55 / 31 


1 


15 31” aud her H. P. is 56'35% 
33 | v. . 5. 


1 3.37 ea n ihe 5 3135 4 ) 's obſ. alt. 18 45 36 
5)63 26 38 101 16 30093 10 300 157 45 1 15“ 317 
3 3 3 93 3 Dip 4.82 QT; -14--S 
Mean 12 41 19 20 15 18018 38 6] 31 33 0 I 
Er. of quadrant, + 7 30 + 2 Hp. alt. 18 $0 45 
f . 
| 12 41 19 20 15 18|18 45 36' 31 33 24] 
Obi, diſt. 31337 24// H.P 56' 35" . L. 10,5026 
)'s ſemi. 15 31 Ap. alt. 1856 45 L co-ſine 9,9758 
Ap. diſt. of centres 31 17 53 P. in alt. 53 31 P. L. 0,268 
* 5 ob{, alt, 201671870 Ref. 2 45 
Dip 4 22 
Cor. D's alt. 50 46 
App. alt. 20 10 56 
Cor. of & g alt, 1 34” P. L. 1,8459 P. L. 18459 
* Halt. eo 11 0 Co-:ſine 959725 Co-tan. 10,4346 
APP, diſt. 31 18 Sine 9,7156 Tan, 9,78 39 
Yat. 18 57 Co-ſec. 10,4885 22975 
8 P. L. 2d ang. 10330 2,0644 
Prop. log. of 1ſt ang. 1' 43” 2,0225 1ſt ang. 1 43 
Diff. 10 
Ap. diſt. 31 17 53 
. Diſt, 31 18 3 C. for Re. 
Aer. of )'s alt, 5o' 46” P. L. 0,5497 . O, 5497 
: hoon 180 57 Co-11. 9,9758 Co-tan, 10,4042 
oma 31 18 Sine 9,7156 T. 97839 
* Salt. 20 11 Co-ſec. 10,4621 — 
5 4th ang. P. L. 28“ 40“ , 7978 
Reject 30 P. L. 3d ang. 35' 39“ 0,7032 3d ang. 35 39 
Prin. eff. of par. 6 59 
Cor. diff, 31 18 3 
9 , 
lt, vr, ker Prin. eff, of par. and ref. 41 11 + 
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Cor, from table X. 
Cor. from diet 


Dift. at 12 nours 
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. 
1 diff. 


31035 38% 


| Diſt, at 15 hours 30 © 21 
| ift diff, $ 23-17 Foe 
24 Qitl, © 34 Is - Z. bs 
P. L. 


* 
. 
+ 


True time at Green, 
Time at ſhip 


me ſtanding over 11t diſtance 


31 


4 
36 


31 11 40 
31 33 38 


Comp. diſt. 
Diit. at 12 
2555 
9132 
— . M. 
6280 =2 O 42 
12 
14 42 
12 41 


Diff, of time between ſhip and Greenwich 
and it is weſt, the time at the ſhip being leß than at Greenwic!i, 


2 4 


19 


EX A NM EI. 


Diſt. cor, Cor Q's ref. 
Cor, D* 8 Alt. mY 
s alt. 80 53 
Cor. ditt. 77. 48 
O alt. 233-76 
30 ang. 22 


88 a 22 
IB: cor. vrin. 


- 1 * «$4 
Hin tate A. WI 


a] 
effect. 


. 

O Co- 

36 Sine 

O Co- ſec 
„ 


ind ri. 


oe YG ILOPULLLIN, 


Diff. 
App. diſt, 


21 


58 


— 16 15“ the long, 


*up poſe the diſt, of the © and Y's neareſt limbs, with the reſpective altitule of 
their lower limbs, were obierved as under on the 13th of April 1 796, 
18 fect above the tea, in lat. 34? 17 N. aud long, by acco: int 85 300 W. 
the watch not previoutly 


the eye being 
Of Greenwich, 


regulated, and the ſhip's true !ongituie be required ? 
As the © mult be then at a ſufficient diſtance from the meridian, the man of th 
tire altitudes may be ſuppoſed preferable to any ſingle alt. taken ior finding the time, 


O 


2 


— 


11 


77 46 25 


— 2n — 9 — , Z. M, . 
2 Din . 65 T. at ſh. 4 50-57 Os alt. 22-43 
Times, | Diſt. | Alt. : Ss | 
n f $ Lo. in T. 34 Jem. 15581 pig 11 x 
u. M, 5. b. fi. b. M. p. M. Pup. T. 53 24 $7- dip 1 3 5 — 
47. 14 77 11 23. 3 80 18 * * 55 
4 59 1 77 13} 22 12] 80 36495 ref. 2919'—P. 8'=2"11”" cor, of Q's 3 
4+ 55 260 77 181 2x 61 $1 9 Des obſ. alt 80 41 0 
os | | 1 Y's ſem. 16'27' <odip 438 o 12 2 
Su. 14 32 510231 42] 66 9242 3I) $ app. alt, 80 53 24 
SE ne "| mY 3 Ds hor, par. es 3925 P. L.. 19,4917 
[4 00-50 014 Nog 5 A. alt. 80 53724 eo. 91996 
Cb did. u O ind ) 7714700 — 
©'s ſemi. 15382 „ 22 2c P. L. of J's par. in alt. g 24 Ind 
Des Uiito 16 7 5 *. 9 
App. diſt, of centres 77 46 23 Cor. of Y's alt. 915 
Cor. O's alt, 2 11 . L. 159161 . ho 159151 
O s alt. 233-14 0 Ca. . 3 Co- tan. 10,3881 
App. diſt. 77 46 o Si. 9,9900 . 10,6639 
Yes alt. 80 53 © Co. fec, -. 10,0055 24M 
—P. L. 2d ang. 125 259681 
Reject 3o fir ſt ang. 2 23 P. L. 1,8790 2:23 


77 48 36 
1,2 891 . 0 1,261 
951998 Co- tan. 952054 
9.9201 Tat. 10,6654 
10,4218 . 
Ab aug. P. L. 12127 1159 


Difk. 
Cor 


0.9008 


dit. 


=trac diſt. 


22 37 


19 10 
" 
48 36 


— — —— 


en 4 . . 15 
38 26 the correcuo 
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To find the time. Py the ſecond method thus: 
D. M. 8. 
Des ap. alt. 22 14 55 Dec. g®3o' lat. 34 15]20. lat. 55 43 Co-ſcc. 08288 
Cor. 9 211 90 90 Nec, 9 30 Sec. 006009 


— .—— — — 


6ꝶꝙ0•1·: 


True alt. 22 12 44 P. D. 80 30 C. I. 55 43] M. alt. 65 13 N. S. 90790 L. R. o8888 


90 T. alk. 22 11 N. 8. 3781 
7. D. 67 47 16 52979 Log. 472411 
Co, lat. 55 43 © Co-ſec, 0,08288 | 8 
pol. diſt. $0 30 © Cou-tec. 0,00000| In col. riſing = 4h 38“ 4” 4.81299 
204 © 16 By the Epheweris. : 
1 Diſt. at 3 hours 767 1 
ſum 1020 8 Sine 9.99040 Pitt. at 6 hours 78 5 44 
Z. diſt. 67 47 16 Truc diſt. 77 38 26 
Rem. 34 12 52 Sine 9, 74980 Diff. in 3 hours 1 38 21 P. L. 2625 
Sum 19.829080 Comp. diff. 1 11 03 P. L. 4037 
1H. ang. 34 46 40 = Co- ſ. 991454 . N 
2 Time over iſt diſt. 3 00 00 
u. M. 8. 
H, ang. 69 33 20 2 4 38 13 Tr Ti. at Greenwich 5 10 02 
Tr. time at ſhip 4 38 13 
Long. in time e 
from Greenwich. 


in finding the time the declination is proportioned to the reduced time 6h, 54. 


Here I have given one method of finding the longitude, illuſtrated by 
a ſufficient number of examples, all of which are reduced to the year 1796, 
in order that the reader, or teacher, may have ſufficient time to furniſh 
himſelf with a N. A. for that year, which is now printed. But as many 
would wiſh to have ſome other method of reducing the diſtance, that, by 
comparing them together, they may not only have the advantage of 
proving their calculations, but alſo of making choice of which they preter 
to work by, 

The ſecond method I ſhall preſent the reader with, is chiefly deduced 
from that invented by Mr. Witchell, late Maſter of the Royal Academv 
at Portſmouth, and as it is ſhort, requires but four places of figures in 
the logarithms, beſides the index; the preparations in both methods 
being exactly the ſame. | 


To find the true Diſtance, obſerve this general Rule, 


Tirſt. Add the © or & and ) 's apparent altitudes together, and take 
half the ſum; ſubtract the leſs from the greater, and take halt 
difference; then add together | 

The co-tangent of half the ſum, 
ihe tangent of half the difference, and 
The co-tangent of half the apparent diſtance. 

Their ſum, rejecting 20 in the index, will be the log. tangent oſ au 
angle, Which call A. 
1i 2 Secondly. 
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Secondly, Whep the © or #'s altitude is greater than the 7 's, take 
the <1#crence betiyeen the angle A and half the apparent diſtance, but i 
leſs take their um. Then add together 

The co-tangent of this ſum or difference, 
The co-tangent of © or #'s apparent altitude, and 
The proportional log, of the correction of the © or K's altitude, 

Their ſum, rejecting 20 in the index, will be the proportional logarithn 

of the firſt correction. 


Thirdly. If the ſum of angle A and half the apparent diſtance wi; 
taken in the laſt article, take now their difference; but if their difference, 
take now their ſum. Then add together 

The co-tangent of this ſum or diflerence, 
1 he co-tangent of Y 's apparent altitude, and | 
The proportional log. of the correction of the » *s apparent altitude, 

Their ſum, rc ting 20 in the index, will be the proportional log. of 
the {econ correction. 

Fourthly, Whea the angle A is leſs than half the apparent diftance, 
the firſt correction muſt be added to, and the fecond ſubtracie! {ry he 
apparent diſtance ; but, when the angle A is greateſt, their ſum muse be 
added to the apparent diſtance, when the © or #*'s aldtude is let. han 
the 's; but when tne Y 's altitude is leaſt, their ſum mult be ſubtracted 
to give the corrected diſtance. 

Fiſthly. In table X. look for the corrected diſt. in the top column 
and the correction of » *s alt. in the left-hand fide lumn; take out the 
number of ſcconds that ſtand under the former and oppoſite to the litter, 
Look again in the ſame table for corrected diſtance in the top column, and 
the ſecond correction in the left-hand fide column; take out the number of 
ſeconds that ſtand under the former and oppoſite the latter, the difference 
between theſe two numbers will be the third correction, which mult be 
added to the corrected diſtance, if leſs than go", but ſubtracted from it, it 
more than go; the ſum, or difference, will be the true diſtance. 


To illuſtrate this laſt method of reducing the apparent diſtance to the 
true diſtance, I ſhall take the apparent altitudes and diſtances as they ſtan 
in the three firſt examples, worked by the former method. 


EXAMPLE I. See page 243. 


Given the apparent diſtance of the J's centre from the & 632 35 13“, the)! 
apparent altitude 24® 29' 44”, and that of the x Regulus 452? gf 12”, the s herr 
zontal parallax 55 2. Required the true diſtance ? 

DM. bo 


* s altitude 45 19-33: Ys Hor. par. 3 2” | & iP 10,5146 

Ref, or cor, of & s all, 47 App. alt. 3 20" Log. coſ. 99595 
's Par. in alt. 1 „3500 
Ref. 1 4 
Cor. of D 's alt. 48 1 

a — oO of " 

* s app. alt. 45599 12 

Þ $ app. alt, 24 29 44 

Sum 69 38 56 


Hel 


dum 69307 56% Half is 349 49 287 Co-tan. 15,1 977 
Difference 20 39 28 alf is 10 19 44 Tang. 92001 
App. dit. 63 35 13 Half is 31 47 36 C9tin, 10,2073 
iſt Cor. add 9 Ang. A. 41 „ Tang. 96256 
a 63 35 22 Diff. 8 51 16 Co-tan. 10, 8056 
1 2 Cor, ſub, 30 54 * 8 Alt, 43 911 Co- tan, 99977 
| — — Cor. . 2532778 
Corrected diff, 63 4 28 — — 
3 Correction add 6 1ſt Cor, .. 350% 08 
5 True diſtance 63 433 Half app. diſt. 31 47 36 
| Angle A. 24 14 © 
Differing 2“ from that found — — 
by the former method, Sum 64 41 36 Co-tan. 9.8;0r 
; D 's Alt. 24 29 44 Co-tan, 10,3413 
05 Cor, Y's alt. * 0,5739 
2d Cor. 26-54 FP. I. ũ0,7633 
de, 
he 1ſt Cor. tab. X. ä 9 
be 2d Cor. ditto 4 
ol 34 Cor. of diſtince 5 
EXAMPLE II. See page 244. 
mn Given the apparent altitude of the O's centre 322, that of the J's 245, and the 
the parent diſtance of their centres 682 42/ 11”, and the 's horizontal parallax 53'1o” 
ter, Required the true diſtance ? 
* Ref. of O's alt. i' 31 Y's Hor par. 5870 19/7 P. I.. 10,4926 
M of Par, in alt, 8 Alt. 24 © © Co-tine 9.997 
ence Cor. of O's alt. „ 3%. Far. in alt. 1 8 F. L. 89,5299 
ſt be Ref. 1 
it, if 
Cor. Y's alt. 3 
Q's Alt, 20 
the J's Alt, ; 4 
ſtand WM — 
dum 56 Half is 28 Co-tan. 10,2 43 
Viffcrence $ Half is 4 Tang. 8,8446 
App. Diſt. 68 42 11 Half is 34 21 5 Co-tan, 10,1653 
e 57 Iſt Cor. add 23 Ang. A. 10 54 Tang. 9,2842 
*. . 
horr. Cor. did. 68 42 31 Diff. 21 27 3 Co-tan. 10,3627 
J Cor, ſuh. 22 55 O's Alt. 32 Co-tan, 19,2242 
0.5146 1 Cor. tah. . 8 68 19 39 Cor. Os alt. 17 22 PF. L. x 251 143 
99% cor. dirto 1 Diff, 7 — 
_— 3 „ Ie. 23 P. L. 256812 
0,55)? due diſt. 68 19 46 Half diſt. 34 21 
PP Ang. A, 10 54 
tia, 2 trom that found 
the former method. Sum 45 15 Co-tan. 9,9962 
5's Alt, 24 o Co-tan, 10, 3514 
Cor, Y's alt. „ 0,5475 
Ua 2d Correction „ 0,8951 
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EXAMPLE; III. See page 245. 
Given the O's apparent altitude 189 59" 5, the Y's 70044“ the pat ent diſanee 


5 * © F * , 1 5 4 ; 
of then centres 103? zo 8”, and the Y's horizontal parallax gg/ 15”. Requi:ed the 
true diſtance : dle 


Refrac, of O's alt. 2 44/ P 's Hor. par. 59” 15” P. L. 100 
Par. in alt. 8 Y's alt. 70944 | Co-line 9.31%; 
Cor, of O's alt, 2 36 Par. in alt. 19 33 | FP. L, "wu 
— — Ref. 19 | 
© s App. alt. 189859 30 — 
a Cor. Y 's alt, 19 14 
Y 's Ditto 70 44 © 
Sum 89 43 30 Half is 44 51 45 Co: tan. 10,009 
Diff. 51 44 30 Ilalf is 25 52 15 Tang. 96955 
App. diſt. 103 32 Half is 51 45 4 Co-tan. 980% 
| Angle A I-08 Tang. 9,84 
iſt Cor. add 253 — : ”Y | 
Sum, ang. A, and z diſ. 72 46 4 Cos tan. 9.4016 
103 33 1 {95 app. alt. 18 59 30 Co-tan, 10,5 
2d Cor. ſub. T-a2 
— Cor. O's alt, 3 36 Fi. „Lz 
Tor. diſt, 103 © 18 | —d ü — — 
1ſt Cor. tab. X. o 1ſt Cor. 2 53 P. L. 17951 
2d Cor. ditto 2 diff. 2 
| — Angle A 87-1 
True diſt, 103 0 16 T App.diſt. $51 45 4 
Piffering 3“ from that found Diff, 30 44 4 Co-tan, 10,2236 
by the firſt method, J 's alt. 70 44 o Co-tan, 945435 
Cor, Y's alt. 19 14 P. L. oon 
140 Cor. 32 43 ©. Hob 7493 | 


T thall leave the working of the other examples by this method, to ex- 
ereiſe the learner, and proceed to ſhew how to find the true altitudes of the 
©, D, or a & by calculation, 


To find the Sun's true Altitude. 1 


It ſometimes happens, that the diſtance of the celeſtial objects may be 
taken, but for want of a good horizon, or aftiſtants, their altitudes cans 
be taken at the ſame? time; to ſupply ſuch deficiencies, obſerve the three 
following caſes. 


> | 


2 


. 


The apparent time, the ſhip's 11tirude, longitude, and the O's declint 
tion given, to find the true altitude of his centre, 


. 


Tf the ſhip's co. latitude and the O's delination be both north or bo 
Hugh, their ſim ; but if one be north and the other ſouth, their diffe rene 
is the O's meridian altitude. 1 

With the apparent time from noon, enter table VI. a 1d from © 
column of rifing take gut the logarithm correſponding toit. 


To this logarithm, add the log. co-linc of the latitude, and the 
ſize of the O's declination. 


0 
log. C 


That 
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Their ſum, vejectipg 20 in the index, will be the logarithm of a natural 
number, which being ſubtracted from the natural fine of the O's meridian 
altitude, will leave the natural fine of his true alutude at the given time, 


EXAMPLE L 


Required the true altitude of the O's centre, in lat. 49? 57 N. July 25 
1796, at 6 H. 56 M. 30 S. in the morning? 


12 08 
App. time 6 56 30 
Time from noon 5 3 30 Its log. in col. of riſing 4,878 50 
Latitude 4) 57 O N. its log. co- ſine 9580852 
Decl. at that time 19 26 N. its log. co- ſine 9797452 
Co. lat. 40 3 Reject 20 N. N. 45871 = log. = 4,00154 
Mer. alt. 59 29 Nat. ſine 86148 


Nat. ſine true alt. 40277 = 23 45% 


EXAMPLE I. 


What will be the true altitude of the Q's centre at London, November 
* . » 
24, 1796, at 3 H. 21 M. 30S. apparent time in the afternoon * 


App. time from N. © = * Its log. in col. of fiſing 4, 55908 

Latitude 51932 N. Log. coſine 9579383 

Decl. at that time 20 49S. Log. co- ſine 9597068 

| Co. lat, 38 28 N. Nat. num. 21062 = log. = 775377 
Mer. alt. 17 39 Neat. fine 30320 
W Nat, fine true alt. 5 19 Nut. ſine 09258 


CA SE IT. 


ſ apparent Time, the Latitude and Longitude given, to find the Alti- 
_ tude of any of the known fixed Stars. 


R U . 


Torn the longitude into time, and add it to or ſubtrac it from the 
ar the ſhip, according as it is eaſt or weit, the ſum or difference will 
che time at Greenwich. 

Lale the O's Rt. Aſcen. from the N. A. and proportion it to the time 
Greenwich, and add it to the apparent time at the ſhip, which wall 
ehe the Rt. Aſcen. of the meridian, or mid-heaven. 

W {ind the & 's Rt. Aſcen. and declination in table XX. and take the 
lerne between its Rt. Alen n. and the Rt. Aſcen. of the meridian, which 


W » 14 
ne 


che diſtence of the & from the meridian. 


fferend 
ym lie 

wh 
log · 6 


T het 


Having 
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Having the & s diſtance from the meridian, with its declination 44 
the ſhip's latitude, the true altitude is found in the fame manner as ha 
been ſthewn in the laſt examples of finding the true Altitude ot the ſun. 


EXAMPLE. 

What will be the true altitude of Aldebaran at Edinburgh, April 11, 
179 , at 5 11. 50 M. 20 S. apparent time. , 

; ll. M. 8. H. N. $ 

App. time f 5 66 20 ©'s Rt. Aſcen. at N. 1 22 27 

Long. 39 0 W. in time 12 24 Prop. part for 6 hours 

App. time at Green, 6 8 44 Rt. Aﬀccn. at Edinburgh 1 23 22 

Kt. Aſcen. at Edin. 1 23 22 


J) 


ꝙ⁊ů—ũẽ  . - 


Rr. Aſcen. Merid. 7 32 6 
N 5 Rt. Aſcen. 4 24 14 
s diſt. from merid, 3 7 52 Its log in col. of riſing, 450184 
Fdinburgh's lat. 55 58 N. Log, co-tine 9777705 


X's decl. 16 5 1yN, Log. co- ſine 9,99266 


Co. lat. 34 2 N. Nat. num. 17078 log. 4423244 


Meridian altitude 50 7 19 Nat. fine 76735 


True altitude 36 37 Nat. fine 59657 


NoTtE. As the table is calculated only to 30”, the difference between 
the log. of 3 H. 7 M. zo S. and 3 H. 8 M. muſt be taken, which is 21d: 
Then ay, as 30: 218 :: 22: 159, Which being added to 4, 5002; tit 
log of 3 11. 7 M. 30 S. gives 4, 50184, the log of 3 H. 7 M. 52 8. as above. 


CASE III. 


The apparent Time, the Latitude and Longitude of the Ship given, f 
ud the true Altitude of the Mod's Centre. 


| Wi © khan FRE © 


Turn the longitude into time, and if it be weſt add it to, but if it i 
eaſt ſubtract it trom the apparent time at the ſhip, and it will give the 
time at Greenwich. 

Take the O's Rr. Aſcen. out of the N. A. and proportion it to Greet 
wich time, which being added to the time at the flup, the tum will de 
tac Rt. Aſeen. of the meridian or mid-heaven. 

Taks out of the N. A. the D 's Rt. Aſcen. and declination, and pro 
portion them to the time at Greenwich. Turn the » 's Rt. Aſcen. WP 
time, and tube the difference between it and the Rt. Aſcen. of the m: 
heaven, which will be the diſtance in time of the) from the meridian. 

uin the ſhips latitude, together with the Y 's declination and diane 
from the meridian, the true altitude is found, in the fame manner as = 
beun ſlicewn in finding the true altitude of the O and &. EX Av 


veen 
11d: 

the 
ve. 


5 i 
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EXAMPLE 


What will be the y 's true altitude at 19 H. 16 M. 52 8. apparent time, 
in latitude 19% 45'S. and longitude 167%E, on Auguſt 24, 1796 ? 
App. time at fiup | 19 16 52 
Jong. i67* E. in ume 118 © 


— uw 


U 


pl. time at Greenwich 8 8 $2 


O Right aſcenſion 10 16 88 J?s ditto 47 14 
App. ame at ſhip 19 10 52 

20 JJ 58 

24 
Rivht afvenfion of the merid. 5 33 80 
„s Right aſcen, in time 3 8 36 
} *s diſt, from the merid. 2 24 54 Log. riſing 4,28627 
Latitude 14% 45 Loy. co-ſine 9,98 545 
} 's decl. at ſhip 13230'N. Log, co-line 9,98783 
Co. Latitude 75 158. Nat. num. 18182 Log. 4425951 


Meridian altitude 61 45 Nat. ſine 88089 


N. ſine of 's true alt. 44% 21'= N. fine 69907 


In the laſt example proportional parts are taken in ſinding the right aſ- 
cenſion, declination and log. riling. 

By the three laſt caſes the true altitudes of the objects are found, there- 
fore if the apparent altitudes be wanted, the difference between the ©'s 
parallax and refraction mult be added to the O's true altitude, the refrac- 
uon muſt be added to the true altitude of a ſtar, and the difference between 
the Y's retraction and parallax in altitude muſt be ſubtracted from the 


true altitude of the ) thus found, to obtain the reſpective apparent alti- 
tudes of their centres. 


Te find the Lengitude by the Eclipſes of Jupiter's Satellites. 


On the day preceding the evening on which it is propoſed to obſerve 
en eclipſe, look for the time when it will happen at Greenwich, in page 
dot the month in the Ephemeris. Find the diff. of Jongitude, either by 
4 good map, ſea chart, or dead reckoning, 

Let the watch be regulated by the © with all poſſible exactneſs to the 
apparent time. Turn the difference of longitude into time, and add it to 
or lubtract it trom the apparent time, according as it is eaſt or welt ot 
Greenwich, the ſum or difference will be nearly the time when the eclipſe 
is to be looked for in that place. But as the longitude is uncertain, it will 

© proper to begin 20 or 30 minutes before, 

Odſerve the hours, minutes and ſeconds of the beginning of the eclipſe, 
called immernon, that 1s, the very inſtant that the ſatellite appears to en- 

K k ter 
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ter into the ſhadow of Jupiter; or the immerhon, that is, when it appears 
to come out of the ſame. The difference of time between the obſcrved 
immerſion, or emerſion, and that ſet down in the N. A. being turned into 
degrees, will give the difference of longitude between Greenwich and the 
place of obſervation. 

Theſe obſervations made on the firſt ſatellite, or that which moves neareſt 
to the body of Jupiter, is the moſt proper for determining the longitude; 
and here it may be obſerved, that its emerſions are not viſible from the 
time of Jupiter's conjunction with the O to the time of his oppoſition to 
the O, and that its immerſions are not viſible from the time of planet's 
oppoſition to the O, to the time of its conjunction. 

The configurations, or the poſitions in which Jupiter's ſatellites appear 
at Greenwich, are laid down every night when viſible, in the page the 
12th of the month in the Ephemeris. 


EXAMPLE: 


Suppoſe that on the 17th of Auguſt, 1796, in long. 889 30' weſt by ac- 
count, an immerſion of Jupiter's firſt ſatellite was obſerved at 12 H. 30 M 
20 S. apparent time. Required the longitude ? N. M. 3. 
At Greenwich, the immer. of iſt ſatellite that day will be 18 20 30 
Obſerved immerſion at _— 12 30 20 


Difference in time 
Turned into longitude gives 87 32'4, and is weſt, becauſe the time at 
Greenwich is more than at the place of obſervation ; the error in longi- 
tude 58 4 miles. 

As theſe eclipſes happen almoſt daily, they afford the moſt ready means 
of determining the longitude of places on land, and then the longitudes of 
ſea coaſts might be better aſcertained than they are at preſent ; they might 
alſo be applied at fea, could they be obſerved with ſufficient accuracy in 
a ſhip under ſai), which can hardly be done, fince the leaſt motion of a tele- 
ſcope that magnifies ſufficiently to make theſe obſervations, would throw 
the objects out of the field of view. 

The eclipſes of Jupiter's ſatellites may be well obſerved by one of Dol. 
land's new achromatic teleſcopes of three feet in length, or by a reflecting 
teleſcope of 18 or 20 inches focal length, 


To find the Longitude by the Fclipſes of the Moon. 


This is performed by comparing the times of the beginning or ending, 
as alſo the times when any number of digits are eclipſed, or when the earth's 
thadow begins to touch or leave any remarkable ſpot on the moon's face. 

Then will the difference of time between the like obſervations made 3! 
different places, turned into degrees, be their difference of longitude. 

But theſe eclipſes happen too ſeldom to be of any general uſe at fea- 
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AXIOM II. 


N all plane triangles the ſides are in direct proportion to the fines of their op- 
poſite angles. 
To find a Side. 
As the fine of an angle 
Is to its oppoſite fide, 
So is the fine of either of the other angles in the ſame triangle, 
To the ſide oppoſite thereto, 


To find an Angle. 
As any fide given 
Is to the fine of its oppoſite angle, 
So is either of the other fides in the ſame triangle, 
To the fine of its oppoſite angle. 


CASE: IL. 


Two angles and one ſide 1 
given, to find either of the 
legs * 

The angle BDC = 1002 
and angle DCB = 54 - 

And the leg BD = 220 * 's 
are given to find the ſides. B 2b * 


—— * 2 E 


CONSTRUCTION. 


Draw an indefinite line G E, add the two angles D and C together, and ſubtracting 
their ſum from 180 leaves the remaining angle B 269 on the line GE; on any point, 
as at B, deſcribe the angle B 269, and on BH ſet off BD 220. On D make the angle 
BDC 1009, then DC will interſect the line GE in the point C, which completes the 
triangle, and BC will meaſure on the ſame ſcale from which B D was laid down 268 
nearly, and DC 119 alſo on the ſame ſcale. 


To find C B. To find DC, 


A; the fine of the angle C 54% 9.90796 As fine ang. C. 54? 9.90796 
i« tothe ſide B D 220 2.34242 Is to ſide BD 220 2.34242 
do is ſupt. ft. of ang, BCD 80 9.99335 8o is fine ang. B 2 69 9.64154 
12-33577 11.98426 

9.90796 9-90796 

To the fide BC 267.8 2.42781 To fide DC 119.2 2.07630 


By the Gunter. 4 
1ſt. The extent from $0® to 549 on the line of ſines will reach from 220 to 267. 
on the line of numbers for BC. 


zd. The extent from 54® to 269, on the line of ſines will reach from 220 to 119. 
On the line of numbers for the fide DC. 


CASE II and III. 


Two fides and an angle oppoſite to one of them being given, to find the other op- 
Polite angles and the third fide * 


The fide BC 365, 
and the ſide A B 640, 
and angle A26®given 
to find the fide Ae. | 


aud angles AB ©, 
and BCA, 
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CONSTRUCTION. 


Draw the indefinite line FE, and on any point therein, as at A, draw the angle 
DAE 26. On AD ſet off AB = 640, then on B, with 365 in your compatles taken 
from the ſame ſcale, deſcribe an arch which will cut FE in the paint C. Jun BC 
and it is done. AC will meaſure on the ſcale before uſed 809 nearly, the angle z 
will meaſure on the ſcale of chords 1033}, aud angle Co] nearly. 


Proportion by Axiom II. yy 
To find the angle C. To find AC, 


As the ſide BC 365 2, 66229 As fine ang. C 50 140 9.88551 
Is to the fine of angle A 26? 9g,6418z, Is to AB 640 2,80618 
So is the ide A B 640 2,80618 So is fi. ang B, or its ſuppl. 764“ 9,9873 


— 


12.4402 12479332 
2,56229 9.857 
To fine angle C 50014 9588573 To ſide AC 808,9 27779 
Angle A add 26 © 
Subtract 76 14 
from 180 
Angle B 103 46 


It may de proper to obſerve, that if the given angle be obtuſe, the angle ſouplu 
Will be acute; but when the given angle is acute, and oppoſite 2 given leſſer ide, 
then the required angle is doubtful whether acute or obtuſe, it ought therefore to 
be determined before the operation; for it is plain the above proportion produces 
50 197 for the required angle, but as it is obtuſe, its ſupplement to 180 muſt be 
taken, viz. 120% 47/, 

By the Gunter, 


rit. The extent from 365 to 640 on the line of nuinbers will reach from 267 to 
$0® 14. On the line of tines equal the angle B. 

2d. The extent from 500147 to 36914“ on the fines will reach from 640 to oy. 
on the line of numbers equal AC. 


AXIOM III. 

In every plane triangle it will be as the ſum of any two ſides is to their difference, 

ſo is the tangent of half the ſym of the angles oppoſite theſe ſides, to the tangent of 

Half their difference; which half difference being added to half the ſum of the 1. 

--" 4a the greater angle, but being ſubſtracted the remainder will be the leſſer 
angles. 

Eni. 


Two fides and their contained angle 
being given, to find either of the other 
angles, and the third ſide ? 

The fide BC 1100 AC $802 and angle 
BAC 102 30, to find the angle BAC 
and CBA. 


CONSTRUCTION, 


Draw the indefinite right line CD, on which ſet off CB=rro, make the 1 
ECB = ro2® 30', then on EC; ſet off C A 8&0, join AB, and it is done for A her 
meaſure on the former ſcale 149, and the angles A and B will neaſure 45 585 


31 z2/ reſpectively on the line of chords. The 
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The proportion by axiom III. will be, 
T ſi the angles E and A. To find the fide AE by axiom II. 
As the u ofthe ſides ACandBC1go 2.29875 As fin. ang. B z1 32 9.71850 
Is to their difference, 30 1.47712 Is to AC 80 1.9030y 
50 is tan, half ſum oppo, angles 38% 45” 9.90449 $0 is fin. ang. C 102 30 8 
= or its ſup. 77 30 : 9.98958 
11.381651 — 
2.4775 11.892667 
9.71850 
To tang. half dif. = 9.10286 — 


To ſide AB 149.3 2.17417 
By Gunter, 

17. The extent from 190 to 30. on the line of numbers, will reach from 38? 45/to 
50 13%, on the line of tangents for half difference 

20. The extent from 77® zo“, which is the ſupplement of 102® zo' to 180® to 31 
3z/, on the line of fines will reach from 80 to 1492 37, on the line of numbers for 
the fide A B required, 

The learner may be ata loſs how to know to which angles the above ſum and 
difference belong, but let him remember the biggeſt angle is oppoſite the biggeſt 
fide, aud the contrary, which will determine it. 


AXIOM IV. 
In any plane triangle, it will be | 
As the greateſt fide 
Is to the ſum of the other two ſides, 
So is the difterence of thoſe ſides | | 
To the difference of the ſegments of the baſe made by a perpendicular, let Tall 
from the angle oppoſite the baſe, 

And half the difference of the ſegments added to half their ſum will give the grent-— 
er ſegment, but if ſubtracted from their half ſum will leave the letfer ſegment, the 
triangle being thus cut, becomes 2 right-angled triangles, the hy pothenuſes and 
daſes of which are given, to find the angles by axiom I. 


C ASE: VI. 


The three ſides of a plane triangle given to find the angles? 
The fide 


. 
BA 88, BC B. 


545A C 108, 
given, to find 
the angles 
ABC,BAC, 
BCA, 


. 
8 
& 


COT LITE 
* 


322 660 


A E 108 


CONSTRUCTION, 

Draw the indefinite right line FG, on which from any point therein, as at A, ſet 
off AC 108, then 88 in your compaſſes, and one foot on the point A. ſweep an arch 
alſo with the diſtance 54 in your compaltes, and one point on C, ſweep another 
Arch interſecting the former arch in the point B, and it is done; BA, BC, AC, will 
meaſure 88 54 108 reſpectively on the ſamꝭ ſcale. 

The proportion by axiom IV. 


& 
of 


88 To find AES AD - DC the diff. of ſegments. 
94 | 
142 Sumof ſhorteſt ſides As the fide AC es 2.03342 
34 Diff. ditto Is to the ſum of ſides AB and BC 142 2.15229 
— So is ditf. ſides AB and BC „ 
Half baſe 4 68 
Half diff. ſegm. 22 35 4 Saks 
** 76 35 Great ſegment 


31 65 Leaſt ſegmt, To ALE the diff. of fegmt. of baſe 44 7 1. 65035 
Half 22 35 


» 
— 5 


— — 
= <4 Ll 
- * * 4 
+ 


— —ů ů — —ů IRE - 
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Having divided the triangle into two right-angled triangles, the hypotheny(, 
and baſes of which are given to find the angles by axiom IV. as follows; 


To find the angle D A B, To tind the angle D BC, 
As the hypothenuſe AB 88 1.94448 As hypothn. BC 54 1.73239 
Is to radius 10 Is to radius 


So is fide A D the greateſt ſegt. 76 35 1.88281 80 is DC 31 65 


To fine ang. ABD 600 117 9.93833 To ſi. ang. DBC 3555,“ 9.76705 
90 90 


- 


The com. js ang. A = 29 49 Its com. ang. C = 54 07 


OBLIQUE SAILING. 


'E come next to the doctrine of oblique triangles applied to problems of ſailing, 
and though it may be applied to the meaſuring of inacceilible objects, pet we 
ſhall confine it to thoſe problems which are more jmmediately neceſſary in navige- 
tion, and is chiefly uſed in taking the maps of harbours, ſea-coaſts, &c. as follows: 
Oblique Sailing exemplified by proper Examples. 

CASE I. 
The bearing and diſtance of two places from each other, as alſo the bearing of 
each of them from a third place, being given to find the diſtance from the ſaid thud 
Place to each of the other two places. 


EK 


Coaſting along ſhore, I ſaw a cape of land which bore from me N. N. E. I ſtood 
away W. N. W. 20 miles, and the ſame cape bore from me N. E. by E. I would 
know the diſtance of the ſhip at both ſtations from the cape : 


CONSTRUCTION, 


Having drawn the compaſs N. E. S. W. 
tet A repreſent the place of the ſhip 
at her firit ſtation, from whence, through 
the N. N.E. point, draw the indefinite 
right line CA, alſo through the W. N. W. 5 
. draw another indefinite right line, 

A, and ſet off thereon 20 miles from a S 
ſcale of equal parts from A to B, through 2 
the centre of the compaſs alſo draw cnn nem, | 
the N. E. by E. and S. W. by W. points, 8 2 
and parallel thereto from the point B, B < 56. 
draw the line BC, meeting the N. N. E. Ip 
in the point C, and it is done; now from n 
the N. eaſtward 2 points, and from the N. ' 
weſtward 6 points, together make $ points 4 
for the < BAC, alſo the difference between W 


the N. E. by E. and N. N. E. points are 3, : * 4 
er K Be, the: other. << . 4. 
being a right T, the angle CBA will 3 
de the complement of 33 45 56 15". * 
_> 
” ot 2 
8 
To find the diſtance A C. | To find the diſtance BC, 
Radius 10. 000090 Radius 10, $9900 
eee . 
: AB 20 miles 1. 30103 : BA =20 miles 1. 3919) 
: : Tang 2 BS 56 150 10. 17511 :: Sec. B 560157 10. 25520 


— 


A C diſt. from her iſt. : Diſt, BC = 36 miles = 1, 5509 
ſtation 29:93 miles, c 3.47014 : : 
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EXAMPLE II. 


Being at ſea, I ſaw two head-lands, whoſe bearing from one another 1 find by 
the chart, to be W. by N. and E. by S. diſtance 15 miles, the northermoſt bore from 


{aid head-lands * 
CUMSIADCTION; TASE TI, 

N 

Kaving drawn the com- ; 

paſs, ſet off the bearings as 

ABtheS, S. W. bearing, and 
AC the S. E. by E. courſe, 
draw through the centre 
the dotted line reprefent- 5 
jag the bearings of the two jy, {_ he RED IA. 
places from one another, — 
and from A towards R, on 
this line, ſet off from any 
ſcale of equal parts, 15 miles, 
from A to B, and draw B, 


— 


K 
| draw DC parallel to BA # 

until jt cuts A C at the | 2 Fl 

point C, through C draw 2 2 3 ; 

kC parallel to AD and it is A 

Une. C 


Calculation of the Anples, 

Between N. N. E. and E. by S. is 7 points, or 789 3 A BC, between 8. $ 
W. and S. E. by E. is 7 points, or 78945 = the > BAC, conſequently, the & s ABC, 
ind BAC == 14 points taken together, wherefore, taking 14 from 16 the numbers 
90p0ints ina triangle remains 2 points, or 229 3o'tor the remaining BAC. 

Calculation of the Sides. 


| £5 ling 70 45 = 9.99157 It being an iſoceles trangle. 
eto EC i; miles 1. 17609 AC=BC= 16 miles. 
So is ſine T 22 4 9. 58284 
10. 75893 
9.99157 
To ABS 583; miles 0. 76736 


This example and the firſt, are uſed for finding the diſtance of a ſhip from any 
eal-land, &c. when the mip is about to take her departure from the land. 


S 

The bearings and diſtance of two places from each other, and the diſtance of one 
of thoſe places and the bearing of the other, from a third place being given, to find 
tlie bearing of the firſt, and the diſtance of the ſecond from the third place. 

EXAMPLE: I. 

Admit two ſhips fail from the ſaid road, one ſails N. E. EE. eaſterly 16 miles, the 
other ſails 29 miles, and then finds the firſt to bear N. N. W. I demand the dif- 
unce bet een the two ſhips ? 


CONSTRUCTION; 
> 

iſt, Having drawn the com- 7 * 
Pats, let A be the place the 2 
ps departed from, and draw % 
ne N.E.LE. line AB equal 
16 miles. | 

ad, From BR draw the rightline 
BC parallel to N. N. W. then 
4p 20 miles between the 
ompatles, ſetting one foot in 
be the other croſs the 
We as in C, and join A C, 
3 s the 2 BAC the 
| urſe Which the ſecond ſhip 
*red, reckoned from the 


E. 1 E : 
lich ſoutherly, to find 


me 8. L. by E. and the ſouthermoſt S. S. W. I demand my diſtance to each of the 


on — es — +. tet 
- — — 
7 
2 ha 


2 - 2 1 * 
, o * — 
* 
tr ® * - 
* — — * = 
— 


— —— — * 


—— 
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Calculation of the Angler, 


From BC beare 8. S. E. the oppoſite point to N. N. W. which is 2 points, yt, | 11 
hears from the ſame point B, S. W. EW. the oppoſite point to N. E. 4 . which 4 
points from the S. W. by W. and two from the 5, eaſterly, make 65 points for le - vn 
FAB C, trum whence you tiad the < C thus : 904: 
As the tle A C= zo miles 1. 30103 
I« to ſine of the ABC SMHπ 9.9087 | 
do is the fide & B 16 miles 1.20412 Tot: 
11. 18499 * 
t. 30103 15 
To fine of the © C 492 57” 9. 88396 
Four N. N. W. add 22 30 Ang] 
NE. 
dum makes 72 27 from the N. weſterly. 
Which being counted from the N. N. W. makes AC to hear from N. 727 27 sum 
weſterly, whence the thip's courſe was from AS. 72927 eatterly, or E. S. K. IE. ucarly, or 
To find the Diſtance af the tau Ships from one anther, 
The <A BC= 93%; As fine <ABC= 1753? 05/ 9. 9 806 Th 
— Is to ſide AC = 20 1. 3010} Pace. 
Sum 123 4 Sv is ſine — 56 56 g. 92326 
180 — Ad 
1 11.2240 from 
< 4A 55 36 9. 98055 300 in 
To fide BC = 17 32 miles 1751 1. 24347 Tis 
CASE III. 3 X. k.“ 
The benrings and diſtances of any two places from a third being given, to find prefer 
the bearings ot the ſaid places, and their diſtance from each other. ow 
nich 
L. * A * P A E . : 1 WIII D 
Admit two ſhips ſet tail from the ſame port, one whe/ eof ſails N. W. zo mies TH 
the other ſails N. E. by N. 40 miles. I demand their bearings and diſtance fre paſſes 
each other 2 an are 
CONSTRUCTION. 6 zd. 
and or 
From A ſet off the N. W. courſe A R, Vier a1 
which make zo miles, alſo draw the arch, : 
ſecond ſhip's courſe A C, and tet off there- N 4th, 
gn 30 miles, from the ſame ſcale before let 
uſed, join BC, and it is done, 4 liereo! 
Olique 
2. W N ao ri, 
in 
2 > 4 A ( 
© 
WW 3 A E A: the | 
co ſun 
d dit 
. 8 To A 
Toy caiculate the Angles. 10 diff. 
N. E. by N. ; points 4332 457 8 wa 
N. W. 4 points 34 * W] 
. 6 iy | 
<S$AC 78 45 1 
180 91s 
2)101 15 vi; 


H. um opp. angles 50 37 
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To finl the diftance from each others 


- , 8 
As ſum o fides A B and AC g o 1584510 As the fl. ang. B60? 30 9,9397 
Lo E 
. » / , 
I« to their difterence 10 1,00000 Is to ſide AC 40 OP 1,60206 
& ic tang. } fam opp. s 50 37 < 10,08570 So is {inc ang. A 78745 9499157 
11,08570 11,5936; 
1,54510 9:9 3979 
ung. 1 diff. 9 524 _ — — 
tang. 3 UN =” pe $ ' A 9 44 
1 ——— 9,200 To their 41, BC= 45.5 1,05393 
Angle B Sum 60 30 
angle CG Ditt. 4.0 45 
Mgt A 75 45 
Sum 180 0 


Angle C 40 45 
NE. by N. 33 45 


— — 


Gm 74 3o the bearing from C, 
or W. by S. 2 S. nearly, 
SA . 
The mutual diſtances of three places from each other, and alſo the bearing of any 
two of them being given, to find the ſeveral bearings. of theſe two from the third 


1 
{AAA 
Pave - 


T N f 
Admit there be two ports lying E. by N. and W. by 8. diſtance 400 miles, A ſip 
from the eaſtermoſt ſails northerly 450, miles, another from the welter mos ſalls 
zoo miles and meets the firit, I demand the courſe ſteered by each ſhip * 


CONSTRUCTS ON. 

iſ. Having drawn the compaſs 

N. E. S W. let B, the center, re- 

preſent the weſtermoſt port, and 

draw the E. by N. line BD, on 

which ſet off 400 miles to D, then 
wil D be the eaſtermoſt port, 


1 3 
a Ste elf. ſegt, AB 58 6 


k d. With zoo between your com- 
paſſes, and one foot on B, deſcribe 5 
an arch. 
zd. With 450 in your compaſſes, 
and one foot on D, deſcribe ano- 
der arch interſecting the former 
act, as at C, join CB and CD. 
41, Making BD the baſe from 
C, let fall the perpendicular C A 
Wreon, which will divide the | 
chlique-angled triangle ECD into 
to right-angled triangles BCA 
nd ACD. 5 
By Axiom IV. T5 find the Courſe ft m D, in < A CD. 
\:the baſe BD 400 2,60 206 As the hypoth. 4% 2,55339 
-'vſum of ſides BC&CD 750,7 2,87547 Is to radius y- COL OYGEO wh 
UT, of tides BC & CD 130, 2,17811 So is AD 3414 233329 * 
5 5 1 
5.05358 12,5332 11 
2,602 06 2,05389 wv 
— — — 88 5 4. 
to dif, ſeats, of baſe 282 8 2,45152 Toco-fineang.D 49.46 9457937 | 1 
EE ei SubcractE. by N. 11.15 | 1 
* Witch L453 4 We ie 2 5 . 
"WW to 4 baſe 200 © Remains W. 29. 31 N. for the ſh1p's 7 
Ih | SG courſe from D, the eaſter moſt port. 7 } 
4 
® | 
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To find the Courſe from B, in BCA. 


As hypoth. 390 
Is to radius 91 
So iS AB 58. 6 


Co ſine ang. 3 780447 
Add E. by N, 14 


CR — cc» 


Sum F. 


The bearings of two or more places from two different ſtations, 5 alfo the bearing: 
and diſtance of the ſaid tations from each othcr being gryen, to had the bearings wid 
diſtance of the fad places from each other, 


* 
* 


89 59 N. 


2 


47712 


BW — u ͤ1— — 


10,00009 


76790 


NU— —— — 


1176790 


— 


or the courſe is N. from B, the weſtermoſt ſhip": port, 


929078 


SA. 


This caſe is a compound of the 1ſt and zd caſe atoregoing, 


ſt. Having drawn the 
compaſ X. E. S. W. let 
A rep Sent the mace ot 
the ihip, from whence 
drau the N. E. line AC, 
the E. N. K. line A D. and 
the E. by S. line AE == 
10 miles, then wili be 
the ſecond thip's tation. 

24, From B Gray the 
line BC paralte] to the 
N. by E. where this in- 
terſects the N. E. line, 
as in C, gives the firtt 
head-iand. 

3d. Alſo from B draw 
the line BD parallel to 
the N. E. by N. where 
this inter ſectsthe E. N. E. 
line, as in D, gives the 
ſecond head-land. 


4tn. Join the points C and D, then will C N | 
each other, and the < ACD their bearing from the N. E. line, to find which by 


Firſt you mutt find the diſtance of both head-lands from both ſtations. 
2. In the A ADB 


E X 


A M 


LB. I. 

Coaſting along ſhore, Law two headlands, the firſt bore from me N. E. the ſecond 
F. N. E. and after 1 had ſailed K. by 8. 10 miles, the Heft bord from me N. by E. and 
the ſecoud N. E. by N. I demand the bearings of the two headlainds from cach other? 


CONSTRUCTION: 


5 


e-hCbiA. ON, 


1. In the AAC all the s are given, 


and one ſide AB 10 miies, 


Betwixt E. by S. and N. by E. are eight 
points, conſequently the > ABC 1s right- 


angled, 


Betwixt N. E. and E. by S. is 5 points, or 
<LCAB=56*15. Its comp. <ACB 


A 1 


In AACk. 


As ſins <Q ACB = 33% 45" = 9,7447. 


: ft AB —10 1, 

2: fine CAB == $6 1863 2193; 
| 3 

50 149 7 117311, 


or 15 miles nearly, 


DAB; 4. 


— 
*. 2A 
V9 


D be the diſtance of the hea-1ands from 


Betwixt E. N. E. and E. by S. = 3 Points 


Betwixt E. N. E. and N E. by N. 5 
points, ſo that the < ADB = | 
now there are 2 Ts equal, contequen'! 
there muſt be two ſides equal, viz- the 
ſides oppoſite thoſe angles, that 15, 
Ade AB = the fide BD = 10 miles; and 
the A ABD is an iſoceles A, 


* | 
_ 
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Laſcly, In th? AC BD 1s given the fide} As fine < BCD 33 47 9,74512 


CB 14,9H,the file B19 miles, and CB 


For betwixt the N. by E. and N. E. by N.: to BD 10 © I 
18 2 points, or the CB 11 30. ::fne< C BD 22 30 9,58284 


A um of des BC & BD==24,96 1,39724 
——— |: CD==The diſtance of both 68,82 1,83772 
- diff, ſides E C and BD 4.96 , 69548 Again, 
:: tang. {ſur opp. 2 7845 10, C134] From <BCD = 33 47 
- Subtract N. by E. 11 15 


11,3982 A 
1,39724 24 32thatis CD bears 
; tang. 7 difference 44 55 Sp from C S. 22 32 E. or S. S. E. and con- 


* 999938 trary from D. 
<CDB 123 43 


BCP 33 47 


The Manner of Surveying Coaſts and Tarbours. . 


N AVING, in the former part of this work, treated on thoſe branches 
of knowledge which ought to be acquired by every one who under- 
takes the conducting of ſhips to remote parts; I think it incumbent on me 
to give ſome directions concerning another branch, which, though of 
great importance, ſeems to be too much neglected ; namely, the drawing 
of Drafts or Charts of the ſeveral Coaſts along which they fail, and alſo of 
thoſe Harbours into which they go. ; 
Thoſe who have the charge of conducting ſhips frequently complain, 
that few of the fea charts are found to be correct. Suppoling the com- 
plaint to be juſtly founded, we may reaſonably preſume, that ſuch incor- 
rectneſs has ariſen from the following cauſes ; namely, the Authors hax- 
ing too much recourſe to thoſe charts which were drawn when the lati- 
tudes and longitudes of places were but ill determined, and when the ne- 
ceſſary inſtruments were not ſufficiently correct for the purpoſe of taking 
the different bearings ; or it may have been owing to an impropricty in 
the manner of ſurveying the ſeveral parts. 

When a voyage is finiſhed, the Journal of that voyage, however appli- 
cable it may be to public purpoſes, is ſeldom regarded. Were the Lords 
of the Acnuralty to eſtabliſh a Repoſitory for obſervations, drawings, ap- 
pearances of the land, and other uſeful articles, ſuch materials might be 
applied to the improvement of navigation. Proper perſons might be ap- 
pointed to arrange and apply them in the conſtructing of uſeful ſea charts; 
and fuch charts, if not given to the public, ſhould be delivered to the 
officers in the Royal Navy. When a ſhip of war is ordered to go abroad, 
the Matter who has the charge of navigating her, is under a ſtrong temp- 
tation, not to ſay necefſity, to purchaſe ſuch charts as will beſt ſuit his 
preſent circum{ances, though not the moſt correct; and the valuable ſht5, 
win the ſtill more valuable lives of the people on board, are thereby greatly 
hazarded. a ü 
Haring ſome time ago waited on the Firſt Lord of the Admiralty, I took 
e liberty to recommend the furniſhing of the maſters with proper charts, 
when ordered upon diſtant ſervices ; and obſerved, that ſuch charts might 

returnable in the ſame manner as the ſhip's ſtores are now; which has 
＋ Ne the cuſtom in France. His Lordſhip thought proper to ſay, 
e hoped the Admiralty would think of it.” I told his Lordſhip, that 
LI 2 I was 
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I was then ſpeaking to the Firf Lord of the Admiralty, and a Seat. 
—Having never heard any thing of the matter lince, I ſhall proceed tg 
ſhew the reader how the bulinels of taking the bearing of any part of 3 
coaſt, and of plotting or delineating it, may be performed. 

1. Bring the ſhip to the molt convenient place from whence you can 
ſee the moſt diſcinguiſhed points of land, and the moſt remarkable object 
on ſhore, and note their bearings down in your ſtation bock, as alſo keep a 
rough dratt on a fheet of paper, note thereon the Station 1. 

2, Bring the ihup to the next molt convenient ſtation or ſpot you find, 
and take the bearings of the moſt remarkable points and ſpots you before 
obſerved when at fiſt ſtation, and obtain if you can the diſtaace of your 
veſſel, trom your firit ſtation, from the bearings and diſtance of ſome 
noted points on ſhore, it will be preferable ; but if you have no diſtances 
on ſhore of objects from one another, you muſt, in this caſe, obtain it 
carefully by your log; alſo note theſe bearings down in your rough draft 
as well as in your book, making a baſe line to repreſent the bearing of 
vour thip at her firſt ſtation, and placing from ſome ſcale thereon the 
diſtance and bearing of your former ſtation, which will be ſtation 2, from 
whence draw the laſt mentioned bearings, and note their interſections with 
the ſame objects betore ſeen ; a line drawn through all theſe interſcctions, 
making it reſemble as much as you can all the | turnings and windings of 
the land you tee, carry ing your eye from point to point on ſhore, and 
making the ſame wavings or windings in your dratt. 

3. Note particularly on ſhore ſuch remarkable objects that lie in one 
line, for objects that are in leading marks, as houſes, churches, ſteeples, 
mountains, &C. 

As alſo ſuch particular objects as open from one another, one, two, 
or three points or more, it will aſſiſt to correct thereby. 

4. If you can from a third ſtation take in like manner the bearing and 
diſtance of your former two ſtations, and alſo of all the former objects 
you will from thence be able to detect if any error ſhould have been com- 
mitted ; each ſtation {hould be if pottible in the bearing of two remaik:- 
ble ſpots | in one, What opening thete make with one another at 3d ſtation, 
will determine. 


To take a Droft of a Coaſt in ſailiag along Shore. 


E AVING brought the ſhip to the moſt convenient place from whenc: 
the principa | points of the Coaſt or Bay may be ſeen, either call 
anchor it it is copvenient, or he as ſteady as poſſible ; or, if the coalt 
too ſhoal, let the obſervations and meaſures be done in a boat, then, whit 
the velicl is in a ſtationary ſituation, take with the azimuth compaſs, or {ex 
tant, the bearings 1 in degrees, &c. of ſuch points of the coaſt as form tht 
moſt mater1al projections or hollows, write down theſe bearings, and 
make a rough ſketch of the coaſt, obſerving carefully to mark the point 
whole bearings were taken with letters , for the fake of reference. 
Then let the | hip or boat run in a dire line along, which muſt be carte 
fully meaſured by the log, or otherwiſe, one two, or thre e miles, more & 
leſs until ſhe comes to a fituation from ha the ſame points before ob- 
ſerved can be ſeen again: there let the veſſel he as in the foregoing 1 ftr 
tion, and again obſerve the reſpective bearings and leading marks whe! 
two points or bearings, as mountains, churches, trees and houſes, any # 
remarkable 
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remarkable objects in one, in degrees, &. of the ſame noted points, 
which are allo to be wrote down, and a rough ſketch of the coaſt ſhould 
be alſo taken from this ſtation, for which purpoſe prepare an obſervation 
table, in which write diſtinétly and regularly the ſeveral celeſtial obſerva— 
tions, bearings, diſtances, meaſured hy the log line, the rocks, ſhoals, 
ſoundings, overfalls, races of tides, and other remarks that may be made 
along the coaſt ; the table may conliſt of 5 or 8 columns diſpoſed in the 
following order : 

Note. The ſextant will be found the readicſt and moſt correct inſtru— 
meut to take the angles, by being held in an horizontal poſition, by which 
means any two objects not exceeding 120% may be brought into contact; 
it will not be amiſs to take material points by the compaſs, and interme- 
diate ones by the ſextant or quadrant. 
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While the veſſel is running the baſe line from ſtation to tation, an ae. 
curate appearance of the coall ſhould be made, to do which let tour epert 
perſons be appointed, one to take the bearing exactly with an azimuth 
coinmpals; one to overſee the running out of the log line, and to keep an 
account of the fhip's way, fo as to be readily able to tell the dillance rug 
when required ; the third to attend the heaving of the lead, to write down 
the foundings and bearings of one or two head points, or remarkable 
points of the coaſt, taken at cach depth; the fourth a draithinan, to dray 
out the necellary bearings and diflances, and delincate the gutes and 
windings of the coaſt at cach ſtation, and ro correct their forms and di- 
menlions when the ſhip 1s failing along the land, Then let the leveral 
bearings be corrected by the variation to reduce them to their true poli 
tions: then, in ſome convenient part of a ſheet of paper, deſcribe a circle, 
the larger the better, on which lay off the leveral bearings taken trom 
the firſt (tation, and let them be numbered 1, 2, 4, &c. On the outlide 
of the circle ; allo lay down the ſeveral bearings taken at the 24 (tation, 
let theſe benumbered with the fame figures on rhe inlide of the circle, 

Draw a line to exprels the ſhip's run, both in length and courſe, and 
from the end of the line, expretling the firil ſtation, draw lines parallel 
to the reſpective bearings taken at that end, and note it in the circle, mark 
the interſection of each pair of lines, directed to the lame point with the 
numbers annexed to their bearings; and through the interſection (0 
marked, draw by hand a curved line, obſerve to wave the line in and out, 
as near as can be hke the bending of the coalt itſelt. 

Avainit each part draw the appearance of the elevated or low ground in 
the ſketches, diſtinguiſhing rocks, cliffs, or high lands, low lands, fand 
hills, &. It there are any currents, or eddies, expreſs them in their 
proper places, by darts or arrows, the points being turned that way 
the currents ſets, put in the ſeveral ſoundings at low water, in fmall 
figures diſtinguiſhing whether fathoms, or fect; ſhew the time of high 
water on the full and change days, by Roman figures, and tell the riſe in 
feet, put in a compaſs, with a ſcale of miles or leagues, ſuch as th: 
veſſel's run was laid down by; add the name of the place, the coaſt, aud 
the latitude and the longitude, as true as can be obtained. | 

It there is a ſhoal or lands on the coaſt let it be talen by a hoat ſalling 
round it, and keeping an account of the courſes, diſtances and founding, 
to be put in the draft, the boat mutt trom ſome part of the ſand or ſhoal 
rake the bearings of two points on the coaſt, where bearings have beet 
taken from the ſhip, or the bearing of the boat or ſome part of the ſho 
or of ſome beacon in that place muſt be taken by ſhip, at the ſtation 
where ſhe takes the bearings of the ſhore, tor by either of theſe mea! 
one point of the ſand being obtained, the reſt of it can be laid down fro 
the boat's account. 

If the coaſt to be drawn is a bay or harbour winding in ſuch a mangeß 
that all its parts cannot be ſeen at two ſtations ; let as many bates c 
lines be drawn and exactly meaſured, as may be found neceſſary ovſerr 
ing that, the ſeveral diſtances run thould join to one another, in - 
nature of a traverſe; that each new ſet of objects, or points obſerves 


ſhoull be taken from two ſtations at the end of a known diſtance, ® 
that the objefts whoſe bearings are taken, do not ſo much extend bene, 


reds. G % , ; ar 40 
the limits of the baſe, as to make angles with it leſs than about 201 11 
a point, but rather relerve ſuch objects for the next mcaſured bale line; 


10 
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far waen lines lic very obliquely to one another, their interſections arc 
wot cally aſcertained, | 

Thus may u coaſt of any extent be ſurveyed, by carefully meaſuring 
of {tationary baſe lines, and trom their ends drawing angles to cach other. 

It any particular parts of the harbour cunnot be conveniently ſcen from 
either ſtations, take the boat into thoſe places, and having well examined 
them, make ſketches thereof, eſtimating the length and breadth of rhe 
ſeveral inlets, either by the rowing or ſling of the boat, take as many 
bearings, foundings, and other notes, as may be thought neceflary; then 
annex theſe particular views in their proper places in the general dratt. 
If there arc any dangerous ſands or rocks, beſides inſerting them in 
their proper places, there ſhould be a double line drawn through that 
point, on one Or MOre objects aſhore ; and for this purpole chooſe a church, 
mill, houſe, noted tice, a chtt, or any remarkable thing that can be dif- 
tinetly ſeen at ſea, and which can be brought to bear in the ſame right 
line with the point to be avoided ; but if that point is under water, there 
mult be two land marks brought to bear with the danger, either in a 
right line, when it can be, or in two lincs, and thoſe two lines, and that 
thoſe land marks may be put down in their proper places, by their inter- 
ſection of two objects in one bearing, and two objects in another bear— 
ins; which will give the ſtation of the ſhip ;- and the diſtance, and the 
Learing of the danger from that ſtation noted, when near or on it, 
but if two ſuch interſections cannot be obtained, it muſt be put down 
from the two points on ſhore in one with the computed diſtance therefrom, 
01 from the interſection bearings of two lingle points on ſhore. 

It ſhould be remarked in the draft, what places, if any, are unfit for an- 
chorage, and what are fir, by writing rocky ground, foul anchorave, 
good anchorage ; and in the latter, to draw the figure of an anchor. Alſo, 
If there is any particular channel more convenient to fail through than 
another, it is to be pointed out by lines drawn to its entrance, from two or 
more noted marks on ſhore. 

The foregoing method of ſurveying a coaſt, ſuppoſes in general, that it 
1 taken by a {hip in her paſſage along, not having an opportunity of going 
allume. But when circumſtances will permit the meaſures and obſervations 


tobe made on land, the ſurvey can be more accurately taken than on the: 
water. 


To Survey an Tarbour by Obſervation aſhore. 


MAKE an eye- draft of the place to be ſurveyed ; and in going round its 
coalt fix in the moſt remarkable points and bends of the thore, ſtation, 
ſtaves, or ſtrait poles, tallenough to be ſeen at a conliderable diſtance : but 
If at any of thofe places there is a noted tree, houſe, or any other remark- 
able thing, that object may ſerve inſtead of a ſtation ſtaff; and it will be 
convement to black the ttaves, and tie a piece of white bunting to the top 
each: then in the eye draft put letters at the noted points, or marks, for 
| Uſtin&tion ſake, 

Chooſe the moſt level ſpot of ground, wherein a baſe line may be mea- 
fared, of one more half miles in length, or a length of not leſs than a tenth 
Part of the diſtance of the two extreme objects marked for obſerving, and 
let the direction of the meaſured baſe line be ſo laid out, that from both 
ens of it as many of the ſtation ſtaves before planted, or the objects before 
remarke d, 
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remarked, may be ſeen; the bearing or poſition of this baſe muſt be deter. 
mined by degrees and minutes, and alſo its length muſt be accurately mes. 
ſured to feet and parts, either by a meaſured chain, or by a piece of log 
line of 100 feet long, properly marked at the end of every 10 ſect, 

From one end ot the baſe obſerve, with any inſtrument proper to take 

bearings, the poſition or bearing in degrees and minutes, of all the ſtave; 
or objects within view, and write them down orderly, do the fame from 
the end of the baſe, and let all the bearings be corrected by the variation 
of the compaſs. | 

Then thele meaſures and correted bearings being plotted or laid down, 
will give the moſt conſpicuous po.nts on ſhore, the intermediate ſpaces are 
to be filled up from the ſketches of them made on the ſpot. 

But if any ſuch objects ſhould ſpread on either hand, ſo far from beyond 
the limits of the baſe, that at either end thereof, the other end and thobe 
objects or ſtives ſhould appear nearly in the ſame direction, or to male 
<'of, not exceeding 10% Or, if ſome of the remarked objects can be 
ſcen only from one end of the baſe, then let the bearings of ſuch objects be 
taken from a place whoſe poſition has been determined from both ends of 
the meaſured baſe ; or if there are ſeveral remarked objects which cannot 
be ſeen from neither end of the baſe lines, let the beurings of ſuch objects be 
taken from each of the two points whoſe poſition has been taken from both 
ends of the baſe, or it may on ſome occations be proper to chooſe another 
place on which another baſe of a convenient length may be meaſured, aud 
from the extremities of which the ends of the. firſt baſe may be ſeen, and 
alſo as many as can be of the remaining objects which lay too obliquely 
tor the firſt baſe, or which could not be ſeen from it, in ſuch manner pro- 
ceed until the bearings are taken of all the points judged neceſlary tor cou 
pleting the ſurvey of the limits of the harbour, 

If a baſe line of a ſuffictent length cannot be meaſured in one right line, 
it may be taken in two adjoininy lines, as the two ſides of a triangle, the 
included angle being accurately taken, and the bearing of either line. 

When the outlines or limits of an harbour, bay, road, &c. are deli. 
ated by the preceding precepts, let a ſmall veflel go out to ſea to take 
drawings of the appearance of the land, and its bearings, ſail likewiſe unto | 
the harbour, and draw the appearance of its entrance, take particular ne 
rice if there are any falſe reſemblance of the entrance by which ſhips maj 
be deceived and run into danger; or when any two objects being brought 
ina line or in one, will lead mto the harbour without danger; when! 
can be done, ſearch for the beſt anchoring places, and, if poſſible de note 
thoſe places by bringing two objects in one, if not the exact bearings bear 
ings of two or three other objects, ſo that the places may be eaſily dete 
mined, the chart being correctly drawn, a compaſs, with the variation, 
and ſcale, properly fitted to the plan, the iſles, rocks, ſands, &c. marked i 
their proper places, with their ſoundings at low water, and the winds off! 
to them, the beſt track with the ſoundings all the way to thoſe anchor'% 
places, the proper ſaihng marks to avoid dangers ; the winds, if any tos 
hletome ones, which prevail, and at what ſeaſons ; the places where 110M 
water can be got, the name of the place, the country in, on what ſea, b 
latitude and longitude, a ſketch of the appearance of the place makes # 
ſea upon a known rhumb, and at an eſtimated diſtance, and whatever cit 
a judicious ſcaman ſhall think proper to inſert, then is the plan fit for 
nautical! purpoſes, and may be embcliiſhed with proper colours if necel it 
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remarked, may he ſeen; the bearing or poſition of this baſe muſt be deter, 
mined by degrees and minutes, and alſo its length muſt be accurately me. 
ſured to feet and parts, either by a meaſured chain, or by a piece of log 
line of 100 feet long, properly marked at the end of every 10 leet, : 
From one end ot the baſe obſerve, with any inſtrument proper to take 
bearings, the poſition or bearing in degrees and minutes, of all the ſtave 
or objects within view, and write them down orderly, do the ſame from 
the end of the baſe, and let all the bearings be corrected by the variation 
of the compaſs. | 
Then thele meaſures and corrected bearings being plotted or laid donn, 
will give the moſt conſpicuous po.nts on ſhore, the intermediate ſpaces are 
to be filled up from the ſketches of them made on the ſpot. 
But if any ſuch objects ſhould ſpread on either hand, ſo far from beyond 
the limits of the baſe, that at either end thereof, the other end and thoſe 
objects or ſtaves ſhould appear nearly in the ſame direction, or to male 
of, not exceeding 10% Or, if ſome of the remarked objects can be 
ſeen only from one end of the baſe, then let the bearings of ſuch objects be 
taken from a place whoſe poſition has been determined from both ends of 
the meaſured baſe; or if there are ſeveral remarked objects which cannot 
be ſeen from neither end of the baſe lines, let the bearings of ſuch objects be 
taken from cach of the two points whoſe poſition has been taken from both 
ends of the baſe, or it may on ſome occations be proper to chooſe another 
place on which another baſe of a convenient length may be meaſured, and 
trom the extremities of which the ends of the. firſt baſe may be ſeen, and 
alſo as many as can be of the remaining objects which lay too obliquely 
tor the firſt bafe, or which could not be ſeen from it, in ſuch manner pro- 
ceed until the bearings are taken of all the points judged neceſſary tor com 
pleting the ſurvey of the limits of the harbour, 
If a baſe line of a ſufficient length cannot be meaſured in one right line, 

it may be taken in two adjoininy lines, as the two ſides of a triangle, tix 
imcluded angle being accurately taken, and the bearing of either line. 
When the outlines or limits of an harbour, bay, road, &c. are deli. 
ated by the preceding precepts, let a ſmall veflel go out to ſea to take 
drawings of the appearance of the land, and its bearings, ſail likewiſe unto | 
the harbour, and draw the appearance of its entrance, take particular no- 
rice if there are any falſe reſemblance of the entrance by which ſhips may 
he deceived and run into danger; or when any two objects being brougit 
in a line or in one, will lead into the harbour without danger; when! 
can be done, ſearch for the beſt anchoring places, and, if poſſible denot 
thoſe places by bringing two objects in one, if not the exact bearings var 
ings of two or three other objects, ſo that the places may be eaſily Getele 
mined, the chart being correctly drawn, a compaſs, with the vari! 
and ſcale, properly fitted to the plan, the ifles, rocks, ſands, &. marked i 
their proper places, with their ſoundings at low water, and the winds off! 
to them, the beſt track with the ſoundings all the way to thoſe anchor 
places, the proper ſailing marks to avoid dangers; the winds, if any 95 
bletome ones, which prevail, and at what ſeaſons ; the places where fl 
water can be got, the name of the place, the country in, on what fea, th 
latitude and longitude, a ſketch of the appearance of the place makes 
fea upon a known rhumb, and at an eſtimated diſtance, and whatever ct 
a judicious ſcaman ſhall think proper to inſert, then is the plan fit ford 
nautical purpoſes, and may be embelliſhed with proper colours if neceſlal 
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gea- drawings, taken according to the aforegoing precepts, beſides the 
real uſe they are of, cannot fil to recommend the young mariner who 
ſurveys and conſtructs them, to the notice of his ſuperiors. 


To reduce a Draft to a ſmaller Scale. 
WITH a black lead pencil draw the draft to be reduced all over with 


crols lines, forming exact ſquarcs, draw the clean paper for the copy 
all over with the ſame number of ſquares, bur their ſides larger or ſmaller 
in proportion to the intended 117e of the (cle, ſuch as 4, }, &c. length of 
the other, diſtinguiſh by a {tronger wark, with a figure every fifth or 
ſixth row of ſquares in both, ſo hat the ſeveral correſporiding ſquares 
may be readily perceived, then in each of the ſquares of the draft, draw 
by the eye a curve on the paper ſimilar to that in the ſquare of your 
copying draft, till the whole is copied, make the black lines with Iudia 
or other ink, and when drawn, the black lead lines may be rubbed out 
with bread or India rubber. | 

here give two Examples as an elucidation of what has laſt been ſaid, 


EXAMPLE.-+I. 
| AB is the Baſe Line, equal to 3 Mile, 


BG = N. 8E. 19 AG N. E. by N. i 
BU N. 25 W. 2 AC N. 2 


BD N. W. g | Staionat BJAD S.byW. 4 Stationat A 
BE W. S. W. 4 { with bearings] AE S. W. by W. 4 { with bearings 
Bli — 8. W. by 8.3 W. 5 AH S. 1 W. 5 

. 60 AF S. E. 6 
Theſe inſtructions give the points GC DE HF in order from each ſta- 
ton; that is, BG and AG interſects, as alſo BC and AC, &c, 

Obſerve,the laſt letter muſt be the ſame in both bearings, and it will be beſt 
to follow the bearings one way all round the compaſs from the firſt ſtation ; 
is alſo when arrived at the ſecond ſtation, begin with your firſt object ſeen 
at firſt ation, and follow the letters round belonging to each object, by 
Which the laſt letter in each bearing will ſucceſſively follow in order, 

This is an example when on board ſhip, but in the following 


EXAMNET LE Ih 


This harbour was ſurveyed from baſe lines taken on ſhore, which, when 
it can be done, is far preterable. 

The baſe line AB 812 fathoms was taken, as by directions, on the moſt 
cen ſpot on ſhore ; now beginning from the point A. 


— — by 8.1 8. GB 8. S. W. 
AC W. by N. 3C W. by 8. 28. . | 
AD W.N.W.3N. \ Bearings from | GD W.3N. E e * 
AE N. N. W. z W. Station A. IE W. N. W. 4 N. a 
12 n 1 GF N. W. by N. N. 

X. II. 12 fathoms. 

Bearings from Station F. Bearings from Station K. 


FE and FH N. W. by N. N. in one. KF S. W. 4 W. 

FH N. 4 E. KE W. 48. 

FK FN. E. 1 E. 773 fathom. | KH N. W. 4 N. 
KT N. by W. W. 

EN N. IE. 
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272 THE MANNER OF SURVEYING, &c. 


Through the interſections of the bearing draw the configuration of the 
land, as before directed, and finiſh the drawing by the inſtructions ther 
given, which if well heeded no difficulty will materially occur, 


To find the Height and Diſtances of Objects at Sea. 


WW HEN the object is perpendicular, and the diſtance to it can be mes. 

ſured, find the angle of altitude with a quadrant, and meaſure the 
diſtance to it as exact as poſſible, then you have the <* and baſe, to find 
the perpendicular; or if you go backward or forward until the angle of 


altitude be 45 the diſtance between you and the object, will be the per. 
pendicular height, | 


EXAMPLE I. 


Being 96 fathoms from the bottom of a tower, I find its altitude, after 


allowing for the height of my eye, above the water 15% 10“. Required 
the height ? | 


A 75.10 


Draw AB = 96 upon B ere& the perpendicular BC, and draw AC, 
making an angle with AB = 15 10' till it cuts BC in C, then will BU 
the height of the tower. ED 

As radius 10, 00000 
Is to the diſtance 96 I. 98227 
So is tang. ang. A 1 510“ 9.43 308 


To the height BC 26.2 1.41535 


— — 


EXAMPLE II. 


Being at ſea, I obſerved the altitude of a mountain, and found it 20, 
and then ſailing from it in a direct line four miles, I found the altitude d 


the mountain to be 14, dip and retraction allowed for. I require the f 
pendicular height ? | 


F/ - 5 — — - - 
2 — , 
. FA; - — — 
.,, f 
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CONSTRUCTION. | <A= idee 
D Is 


ea the horizontal line DC - : ; 5 
, On any point A make the < BAC=20®, 2 * hs ot pete be _ x * 
from A ſet off 4 miles to D, on D make! , 3 2 yp = 
me BDC 149, and from * — _ 9.01923 
line DB cuts the line AB as at B, let fa IP . 
the perpendicular BC on the baſe DC, oo * A 5 o. ** 
and DC meaſured will be the perpendicu-| * * ne <a — 14 9. 383 
lar height required. | — 


9.98574 
9. 01923 
AB 9. 258 = 0. 96651 
Then A ABC given AB = 9. 258 and 
<A find BC, 
Radius | 10 

AR 260 o. 96651 

:: Sine 20 9. 53405 

BC = 3.166 o. 50056 

. >: 4 5 166 

Sothat the height of the mountain is 3 miles —— = 1 furlong 13 poles, &c. 


Note, In finding the < DAB ſee prop. 5th. in Geometry, 


Of the Curvature of the Earth. 


MST perſons know, that if they are raiſed above the ſurface of the 

adjacent land or water, they can not only ſee different objects that lie 
on that ſurface better, but alſo ſee thoſe more and more remote as they ad- 
rance higher. The irregularity of the ſurface of the land will not be 
ſubjected to any one rule that will give the diſtance to which objects may 
be ſeen at different elevations; but at ſea, where there is generally an 
uniform curvature of the water, upon the ſuppoſition of the ſpherical torm 
of the carth, thoſe diſtances may be eafily computed. 


KU: L . 


To the earth's ſemidiameter add the height of the eye, multiply the ſum 
by the height, then the ſquare root of the product is the diſtance at which 
an object on the ſurface of the water can be ſeen by an eye ſo elevated; and 
by this rule was the table XXIII. computed, the diameter of the earth be- 
ing taken at 41798117 feet, according to Sir Iſaac Newton's meaſures. This 
table may be uſefully applied to eſtimate the diſtance of an object at ſea, 

the ele ration of that object above its horizon being known. 


EXAMPLE I. 


Sailing towards a head-land, on which is a light-houſe elevated 600 
tet above the ſurface of the water, we ſaw the lights at night juſt appear 
in the horizon, how far were we at that time diſtant from that light-houſe? 

Look in table XXIII. for 600 feet in the column marked height in feet, 
and right againſt it, in the column marked diſtance in miles, is 29.994. 80 
chat the diſtance may be reckoned about 30 miles. 
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274 CURRENT SAILING. 


EXAMPLE IL 


Being in company with ſome merchants walking on a fandy ſhore, on 
the — Ar for a veſſel which was expected, ibs top-gallant maſt i; 
140 feet above the ſurface, allowance being made for her immerſion in the 
water, we obſerved through the teleſcope a ſhip's vanc juſt appearing in 
the horizon, How far off is that ſhip, ſuppoſing it the veſſel expected: 
Anſwer, Againſt 140 feet, the height, ſtands 14.488, that is her diſtance; 
here is no allowance made for the height of the eye above the horizon; 
but it is obvious, that the higher the eye, the farther it can ſee: non 
as objects are ſeen in a ſtrait hne, and that line is a tangent to the earth's 
ſurface, therefore it follows, that to find the diſtance of two elevated oh. 
Jets, when the right line joining them touches the ſurface of the earth, 
between thoſe objects look for the diſtance anſwering each height, and 
their ſum is the diſtance required, 

Thus, in the ſecond example, ſuppoſe the eye raiſed fix feet above the 
water edge, it can ſee an object on the ſurface 2.999, or 3 miles of. 
This diſtance added to 14% miles, makes the diſtance of the ſhip to be 
17% miles. 


EXAMPLE III. 


A man being on the main top gallant maſt of a man of war 200 feet 
above the water, ſees an 100 gun ſhip ſhe had engaged the day before 
hull-to, how far were thoſe ſlips diſt. from one another. 

A ſhip of 100 guns, or a firſt rate man of war, is above 60 feet from the 
keel to the rails from which deduct about 20, leaves 40 for the height of 
her quarter above water. Now a ſhip is ſeen to hull-to when her upper 
works juſt appear. | 


Then 200 feet high gives 17.316 miles, 
And againſt 40 ſtands 7.744 


2 5. obo miles, is her diſtance, 


CURRENT SAILING. 
CURRENTS are certain ſettings of the ſtream, by the means of which 


all bodies moving therein are compelled to alter their courle, and ſud- 
mit to the motion impreſſed upon them by it; whence, if a current i 
with the courſe of a ſhip, it augments her motion by as much as the ant 
or rate of driving it. | 
Thus, if a ſhip fails N. N. E. 20 miles in a current that ſets N. N. I. 
8 miles, in the ſame time her true courſe will be N. N. E. 28 miles in tha 
time; but if a current ſets againſt the ſhip, it leſſens her velocity by jut 
as much as the current's drift is. a 
So that if the ſhip ſails N. E. 49 miles, in a current that ſets S. VV. !s 
miles in that time, then her zrue courſe will be N. E. 39 miles; and if . 
the ſame time that the ſhip fails N. E. 49 miles in a current that ſets 8. 
59 miles, then the up will fall aſtern, and her true courſe will be 8. . 
10 miles; but if the ſhip thwarts the current, it not only leſſens or ls, 
ments her velocity, but gives her a new motion, compounded of that d 


the ſhip and current, that is, 1 
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CURRENT SAILING, 275 


If a body be agitated A 
by two motions at the 25 - B 
ſame time, the one with / *-.,_ 

4 certain velocity that uk I 

will carry.it accorguag dqdqgcd — 
the direction of the line ; 
AB, the length AB in a ho OY 

certain ſpace of time, the — — 

other according to the di- D C 

rection of the line AD, with a velocity that will carry it to the diſtance 
AD in the ſame time, then the body will deſcribe the diagonal AC, and 
at the end of that time will be found in the point C. 

The ſetting and drifts of the moſt remarkable tides and currents are 
pretty well known, but if in unknown currents, the uſual way to find the 
letting and drift is thus: 

Let three or four men take a boat a little way from the ſhip, and by a 
rope faſtened to the boat's ſtern, let down an heavy iron pot, or loaded 
kettle, into the ſea, to the depth of 80 or 100 fathoms when it can be, 
whereby the boat w1ll ride almoſt as ſteady as at anchor, then heave the 
log, and the number of knots run out in half a minute, will give the 
miles which the current runs per hour, and the bearing of the log ſhew 
the ſetting of the current, 


EXAMPLE I. 


If a ſhip fails 98 miles N. E. by N. in a current, that ſets S. by W. 
27 miles in the ſame time. What is her true courſe and diſtance ? 
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276 CURRENT 8AILING. 


CALCULATION. 

The oppoſite point to S. by W. is N. by E. which taken from N. E. by N 
leaves 2 points = 225 zo between them for the C, being thus given * 
the A ACB together with the two ſides including it AC CB to find <r 
CAB and ABC, and diſtance AB by axiom III. 


” | 125 As ſum of the ſides 5 2.99691 
Diff. 71 Is to their difference 71 1.85125 | 
So is tang. + ſum opp. <* 78" 45 10470124 
12.55269 l 
2 2.09691 f 
To tang. I their difference 70 42 — 
10.4580 1 
< 3 — 149 27 155 t 
<A = 6.4 
<< C = 22 30 
Sum <* 180 © 
To find the Diſtance by Axiom I. 
As ſine < A PI 9.14624 
bs to C 1 1.43136 
So is fine < C 222 20 9.58284 
1.01420 | 
914024 
To diſtance AB 73.78 1.86796 


EXAMPLE II. 
If a ſlip from the latitude 389 400 S. fails N. N. E. go, then N. E. by E. 
36 miles, in a current that ſets S. E. by S. 20 miles, in the ſame time 
that the ſhip ſails 40 miles; I demand the diſtance from her firſt place, 


| and alſo the latitude the ſhip is in? 
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CURRENT SAILING 277 


CONSTRUCTION. 


Uaving drawn the compaſs, draw the N. N. E. courſe equal to 
40 miles, to the end of which join the N. E. by E. line, and ſet off 
thereon 36 from the ſame ſcale, from the end of the laſt N. E. by E. line 
ſet off the diſtance the current's drift, viz, S. E. by S. 38“ miles, that is, 
as 40, the ſtern of the ſhip, to 20 the run of the current, fo is 76 the whole 
run of the ſhip to 38 the drift of the current, then to the end of that line 
to the ſhip's firſt place, will be the diſtance, and the -< being meaſured 
will be the ſhip's courſe, and a line let fall from this laſt point on the paral- 
lel of the ſhip's firſt place, will give on that parallel the departure from 
her firſt meridian. 

This may be done by calculation, but that being tedious, we ſhall omit 
it, and ſhew how it may be done by a traverſe, in which we {hall conſider 


the current as a ſingle courſe, 


—_ 4 —_—c. 


ue. 


Courſes Miles] Northing | Southing | Eaſting | Weſting 


N. N. E. 40 37-0 5 15. 3 = 
N.E.by E. 36 | 20.0 29. 9 | 
8. E. by S. 38 31. 6 21.1 | 
| 57. 0 31. 6 6. z 
31.6 — — 
25.4 
EY | 3 py 
As diff, lat. 25.4 1.40483 
Is to radius Wy 
So is dep, | 66. 3 1.82151 
To tang, courſe 6g® 3“ from N. Eaſterly 10.41668 
or nearly E. N. E. Z E. 
As fine of courſe 699 30 9-97030 
Is to dep, 66. 3 1.82151 
So is radius 10 
To diſtance 70 miles 1.8 5121 


Many more queſtions might be added, but theſe, being well underſtood, 
1 /uffcient for the ſcaman's purpoſe ; and that the ſtudent ſhould not meet 
"Ii any thing unneceſſary which mihgt lead him out of the plain path, 1 
ade avorded thoſe things which tend to puxxle more than improve. 
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EXPLANATION of the PLATE, deſcribing the RIGGING, &. 


of a FIR ST-RATE SHIP of WAR. 
r BOWSPRIT 


: 65 Reef-tackles 129 Yard and fail 
2 Yard and ſail 66 Sheet; 1 39 Back ſtays 
3 Gammoning 67 Buntlines 131 Stay 
4 Horſe 68 Croſstrees 132 Stayſail and hallyards 
5 Bobſtay | | 69 Cap 133 Litfts 
6 Spritiail ſheets 70 FORETOPGALL. MAS TI 34 Braces and pendants 
7 Pendants 71 Shrouds and lanyards 135 Bowlines and bridle; 
8 Braces and pendants 72 Yard and fail r 36 Clewlines 
9 Hallyards 73 Back ſtays 1 37 Flag-ſtatf 
10 Liffts 74 Stay 138 Truck 
11 Clewlines 75 Lifts 1 39 Flag-ſtaff ſtay 
12 Spritſail horſes 76 Clewlines 140 Flag ſtandard 
13 Buntlines 77 Braces ard pendants iA MIZEN-MAST 
14 Standing liffts | | 78 Bowlines and bridles 142 Shrouds and lanyards 
15 Spritſail top . 79 Flag-ſtatf 143 Pendants and burtors 
16 Flying jibboom do Truck 144 Yard and fail 
17 Flying jib, ſtay, and ſails | 8, Flag-ſtaff ſtay 145 Crow foot 
18 Hallyards 82 Flag Lord High-Admiral 146 Sheet 
19 Sheets | 83 MAIN-MAST 147 Pendant lines 
20 Horſes 84 Shrouds 148 Peckbrails 
21 SPRIT-SAIL TOP-MAST 85 Lanyards 149 Stayfail 
22 Shrouds | 86 Runner and tackle 150 Stay 
23 Yard and fail 87 Pendant of the gornet 151 Derrick and ſpann 
24 Sheets 88 Guy of ditto 152 Top 
25 Liffts 89 Fall of ditto 153 Croſs-jack yard 
26 Braces and pendants go Stay 1 54 Crols-jack liffts 
27 Cap 91 Preyenter ſtay 155 Crois-jack braces 
28 Jack-ſtaff 92 Stay-tackle 156 Crols-jack ſlings 
29 Truck 93 Woolding the maſt 15 MIZZEN TOP-MAT 
39 Jack-flag 94 Jeers 1 58 Shrouds and lanyaids 
31 FORE-MAST | 95 Yard tackles 159 Yard and fail 
32 Runner and tackle 96 Liffts 160 Backſtays 8 
33 Shrouds 97 Braces and pendants 16 Stay | 
34 Lanyards 95 Horſes 162 Hallyards 
35 Stay and lanyard 99 Sheets 163 Litits 
36 Preventer ſtay and lanyard lion Tacks 164 Braces and pendants 
37 Woolding the maſt 101 Bowlines and bridles 165 Bowlines and bridle 
| 38 Yard and ſail 102 Crow toot 166 Sheets 
39 Horſes 103 Top-rope © [167 Clewlines 
\ 40 Top 104 Top 168 Stayſail 
41 Crowfoot 105 Buntlines Bos Croſstrees 
42 Jeers 106 Leechlines 70 Cap 
43 Vard-tackles 107 Yard and fail 171 Flag-ſtaff 
44 Liffts 108 MAIN TOP-MAST 172 Flag-ſtaft ſtay 
45 Braces and pendants 109 Shrouds and lanyard 173 Truck 
46 Sheets 110 Yard and fail 174 Flag union 
47 Fore tacks 111 Puttock hrouds 175 Enſign att | 
45 Bowlines and bridles 112 Back ſtays 76 Truck 
49 Fore buntlines 113 Stay 177 Enfign 
50 Fore leechlines 114 Stay fail & Nay & hallyard [178 Poop ladder 
51 Fore top-rope * 115 Runners 179 Bower cable. 
52 Puttock throuds 116 Hallyards 
$2 FORE TOP-MAST 117 Litits L L. 
54 Shrouds and lanyards 118 Clewlines H * 
$5 Yard and fail 119 Braces and pendants A Cat head 
4 56 Stay and ſail 120 Horſes B Fore channels 
E | 57, Runner 121 Sheets Main channels 
i $5 Backftays 122 Bowlines and bridles D Mizzen channels 
15 59 Halhyards 123 Buntlines E Untering- port 
45 60 Lifts 124 Reef-tackles if Hauſe- holes 
61 Braces and pendants 25 Crofstrees G3 Poop lanthvr's 
% 62 Horſes 26 Caps H Chelstrees 
# 63 Clewlines 'i27 MAINTOPGAL. MAS] |{ Head 
4! „ Buwhnes and bridles 1 28 Shroud; aud hallyards & Stern 
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(Though the following may be thought uſeleſs to ſeamen, it may not be 
ſo to many teachers and learners, as there are excellent mathematicians 
who, on account of their being far diſtant from any ſea-port, are at a 
loſs for the terms made uſe of at ſea.] 


AN EXPLANATION OF SEA TERMS. 
, or Maſt. The ſternmoſt part of the ſhip : Carry aft any thing ; 


that is, carry it towards the ſtern, The maſt rakes aft, that is, hangs 
towards the ſtern, How chear ye fore and aft? that is, how fares all 
the ſhip's company ? | | 
Amain, The old term for yield, uſed by men of war to an enemy ; bur 
it now ſigniſizs any thing done ſuddenly, or at once, by a number ot nen. 
Aloft, Over head, or above. 
Anchor. The inſtrument by which a ſhip is held. The anchor is foul ; 
that is, the cable has got about the fluxe of the anchor. The anchor 15 
a-peek ; that is, directly under the hauſe-hole of the ſhip. The anchor 
is a cock-bill, that is, hangs up and down the ſhip's ſide. 
Awning. A ſhelter or ſcreen of canvas, ſpread over the decks of a ſhip 
to keep off the heat of the ſun. Spread the awning, extend it ſo as to 
cover the deck. Furl the awning, that is, roll it up. 
Alvof,, is diſtance. Keep aloof, that is keep at a diſtance, 
Avaſt, A term uſed for ſtop, or ſtay ; as, avaſt hcaving, don't heave 
any more. 
Athwart, Acroſs, 
Bale. Bale the boat ; that is, to lade or throw the water out of her, 
| Ballaft, is either pigs of iron, ſtones, or gravel, which laſt is called 
ſlungle ballaſt ; and their uſe is to bring the ſhip down to her bearings 
in the water, which her proviſions and ſtores will not do. Trim the 
ballaſt, that is, ſpread it about, and lay it even. The ballaſt ſhoots, 
that is, it ſhifts, or runs over from one fide of the hold to the other. 
Barge, A carvel-built boat, that rows with ten or twelve oars. 
bearing, ſignifies the point of the compaſs which any two or more places 
bear from each other, or how any place bears from the ſhip by the 
compaſs; or it may be ſaid to bear on the beam, abait the beam, vn 
the bow, the head or ſtern, &c. 
Bearings of a ſhip, is that line which is formed by the water upon her 
ſides when ſhe is at anchor, with her proportion of ballait, and ſtores 
on board. To bear to, is to ſail into an harbour, &c. Bear round up; 
that is, put her right before the wind, Bring your guns to bear, is 
to point them to the object. 
Braringenp, or Hearing-away. The act of changing the courſe of a ſhip, 
in order to make her run before the wind, after ſhe had failed ſome tim“ 
with a fide wind, or cloſe hauled : it is generally performed to arrive ac 
ſome port under the lee or to avoid ſome imminent danger occuti- 
ned by a violent ſtorm, leak, or enemy in ſight. This phraſe, which 
is abſurd enough, ſeems to have been derived from the motion of the 
helm by which this effect is produced; as the helm is then horn» up ta 
the windward or weather ſide of the ſhip. Otherwiſe it is a direct contra— 
diction in terms, to ſay that a ſhip bears up, when ſhe goss before the 
Kind; fince the current of the wind as well as that of a river is MIWays 
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280 EXPLANATION OF SEA TERMS, 


underſtood to determine the fituation of objects or places within inf 
mits. In the firſt ſenſe we ſay, up to windward and down to leewara. 
as in the latter we ſay, up or down the river. This expreſſion, howeys; 
a.though extremely improper, | is commonly adopted in the gener] 
inſtructions of our navy, printed by authority, inſtead of bearing down, 
or bearing away. 

Belay. To make faſt any running rope; as belay the main brace, 9 
make it faſt, 

Bend, To apply to, and faſten; as, bend the fails, apply them to the yard, 
and faſten them; unbend the ſails that is, caſt them off, and take then 
trom the yards; her ſails are unbent, ſhe has none fixed; bend the 
cable, make it faſt to the anchor. 

Birth, A place; us the ſhip's birth, the place where ſhe is moored ; an of, 
ficer's birth, his place in the ſhip to eat or fleep in; birth the thi; 
company, that is allot them their places to meſs in; birth the hammocks, 
point out where each man's hammock 1s to hang. 

Bight of a rope. Any part between the two ends, Bight, a narroy 
iniet of the ſea. 

Bilge. To break, The ſhip is bilged, that is her planks are broken in 
by violence. ; 

Pinnacle. A kind of box to contain the compaſſes in upon deck, 

Bitts, Very large pieces of timber in the fore part of a ſhip, round which 
the cables are faſtened when the ſhip is at anchor. After bitts, 
ſmaller kind of bitts upon the quarter deck, for belaying the running 
rigging to. 

Bonnet of a ſail, Ts an additional piece of canvas put to the fail in mode. 
rate weather to hold more wind. Lace on the bonnet, that is faſten it 
to the ſail, Shake off the bonnet, take it oft. 

Board. To board a ſhip, is to enter it in an hoſtile manner by force, 
Board and Board, is when two ſhips touch each other. To make 
board, is making a ſtretch upon any tack, when a ſhip is working upn 
a wind. To board it up, that is, to turn to windward, The ſhip ha 
made a ſtern-board, that is, when ſhe loſes ground in working upon: 
wind. 

Break bulk, To open the hold and take goods thereout. | 

Batten, A thin piece of wood. Batten down the hatches, is to lay bit 
tens upon the tarpaulins, which are over the hatches in bad weatit) 
and nail them down, that they may not be waſhed off. 

Buoy. A floating conical caſk, moored upon ſhoals, to ſhew where thi 
danger is; alſo uſed to anchors to ſhew were they lie, in caſe of the & 
ble breaking. | 

Block. Apiece of wood with running ſheaves or wheels in it, through 
which the running rigging is paſſed, to add to the purchaſe. 

Braces, The ropes by which the yards are turned about to form i 
ſails to the wind, 

Bowſprit, A large maſt or piece of timber which ſtands out from tif 
bows of a flup. 

Bulk-head, A partition. 

Bolt-rope. The rope which goes round a ſail, and to which the ea"? 
is ſewed. * 

Boxv-lizes. Lines made faſt to the fides of the fails to haul them forwi 

when upon a wind, which being hauled tort, enables the flup to 
nearer to the wind, | Bunt u 
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Port- let. Lines that come down from the top of the maſt to the beam 
of the outſide of the fail, and by which the bunt or belly ot the fail is 
hauled up outwards, | 

Broach-to, Is when a ſhip on a ſudden lays her broadfide to the ſea, and 
is dangerous in bad weather, 

Chace. A purſuit, To chace, to purſue. The chace, the veſſel purſued, 

Careening, To bring a ſhip down on one tide, fo as to get at the other 
fide to repair or clean it. 

Caulking, Filhng the ſeams of a ſhip with oakum, 

(yn, To direct, To cun a ſhip is to direct the man at the helm how to 
ſteer, 

Courſe, The point of the compaſs upon which the ſhip ſails. Courſes, 
a ſhip's lower fails; as the fore-fail is the fore courſe, the main-ſail the 
main courſe, &e. The ſhip is under her courſes, that is, has no fail tet 
but the main-ſail, foreſail, and mizen. 

(oxſcvain, The perſon who ſteers the boat, | 

Come no near. Is ſaid by the man at the cun when the ſlup is upon a wind, 
and 1s coming too near the wind. x 

Chains, A place built on the ſides of the ſhip projecting out, and at 
which the ſhrouds are faſtened, for the purpoſe of giving them a 
greater angle than they could have if faſtened to the ſhip's fide, and 
of courſe giving them greater power to ſecure the maſt, 

Chain-plates, are plates of iron faſtened to the ſhip's ſides under the chains, 
and to theſe plates the dead eyes are faitened by other plates. 

Caan. An inſtrument by which the anchor is weighed out of the ground, 
it being a great mechanical power, and is uſed for ſetting up the throuds, 
and other work were great purchaſes are required. 

Cat-heads, The timbers on ſhips bows, with ſheaves in them, by which 
the anchor is purchaſed from the hawſe, and to which it is ſecured to 
the ſhip's fide, | 

Catfiſe, Overturn, The boat capſiſed, that is overſet, Capſiſe the 
quoil of rope, that is, turn it over. 

all, A filver pipe uſed by the boatſwain and his mates when on duty. 

Ce. To haul up the ſails by the clew-lines. 

Lerelizes, are ropes which come down from the maſt to the lower corn- 

ers of the ſails, and by which the corners or clews of the ſails arc 

hauled up, | 

76:v-foot, is à number of ſmall lines ſpread from the fore parts of the 

tops, by means of the piece of wood through which they paſs, and be- 

ng hauled tort upon the ſtays, they prevent the foot of the top ſails 
caching upon the top rim; they are alſo uſed to ſuſpend the awnings. 
ant. The ſhip is crank, that is, ſhe has not a ſufficient cargo or bal- 
aſt to render her capable of bearing fail ,without being expoled to the 
danger of overſetting. 

fad-wvater, The eddie water at the ſtern of a ſhip. 5 

"ce, To ſtrike or haul down; as, douce the top-gallant fails, that is, 

Wer them. | 
mage, A quantity of looſe wood, &c. laid at the bottom of a ſhip, 
to keep the goods from being damaged. 

ane. A ſmall vane made with feathers and cork, and placed on the 

Iip's quarter tor the men at the cun and helm, to ſee the courſe ot 

the wind by. 

Nu 2 Dog watch, 
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E The watches from four to fix and from fix to eight in the 
D:/part a piece of ordinance, is to find the diflerence of the diame 
err the breach and the mouth of the cannon. | 25 
ead-l'ights, A kind of window-thuiter for the windows i 
the ſlip, uſed in very bad weaticr only. ee 

Dead-wind, The wind right agatuſt the ſhip or blowing from the ver 
point to which ſhe wants to go. / 

Dead-eyes. Blocks of wood through which the lanyards of the ſhroug 
are reeved. 

Driver, A large fail ſet upon the mizen yards in light winds, 

Drive. The ſhip drives, that is, her anchor comes through the ground, 

Dowwn-hau!t, The rope by which any fail is hauled down; as the jibb 
down-haul, 

En/ign. The flag worn at the ſtern of a ſhip, 

Engagement. Action or fight. 

Latering- port. A large port in the ſides of three - deckers leading into 
the middle deck, to ſave the trouble of going up the ſhip's fide to get 
on board. 7 

End for end. & term uſed when a rope runs all out a block, and is unreered; 
or in coming to an anchor, if the ſtoppers are not well put on, and 
the cable runs all out, it is ſaid to have gone out end for end, 

Elbow, in the haxvſe. Is when a ſhip being moored, has gone round 
upon the ſhifting of the tides, twice the wrong way, ſo as to lay the 
cables one over the other: having gone once wrong, ſhe makes a crojs 
in the hawſe, and going three times wrong, ſhe makes a round turn, 

Fathom. A meaſure of fix feet. | 

Fack, or Fake, One circle of any rope or cable quoiled. 

Furl the ſail, Wrap it up cloſe, and bind it upon the yard. 

Fih. A large | $63 of wood, Fiſh the maſt, apply a large piece of 
wood to it to ſtrengthen it. 

Flag. A general name for colours worn and uſed by ſhips of war. 

Fall of. To fall to leeward, or a-ſtern. 

Horeauard. To the fore part of the ſhip. Res 

Torecaſtle. The upper deck in the fore part of the ſhip, 

Fre/hben the Ballaſt. Divide to ſeparate it. | 

Fid. A ſquare bar of wood or iron, with ſhoulders at one end; its 
uſed to ſupport the weight of the top-maſt, when erected at the head 
of the lower-maſt. 

Eid for ſplicing. A large piece of wood of a conical figure, uſed 
extend the ſtrands and layers of cables in ſplicing. 
Forercach. To ſhoot a-head, or go paſt another veſſel. 
Fiſh-hook. A large hook by which the anchor is received from under tle 
hawſe, and brought to the cat-head ; and the tackle which is uſed for 

this purpoſe is called the hih-rackle. (EN 

Gage of the ſhip. Her depth of water, or what water ſhe draws. 

Greave. To burn off the filth from her bottom. 

Gripe of a ſhip. That thin part of her which is under counter; and to 
which che ſtern-poſt joins. The ſhip gripes, that is, turns her hea 
too much to the wind. | 

Ground. tier. That is, the tier of water caſks which is loweſt in the hold 
and is ataong the ſhingle Hallaſt, | 6 

| ro 
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Gronrd-tackle, Is cables, anchors, grapenels, bawſers, &ec. 

Grappling-ir0%. A thing in the nature of an anchor, with four or fix flukes 
to It. 

Gammon the Josuſprit. Secure it by turns of a ſtrong rope paſſed round 


it, and into the catwater, to prevent it trom having 0 much motion. 

Girt. The ſhip is girt with her cables when the is too tight moored. 

Gun-Room. A divition of the lower-deck abaft, incloſed with net-work, 

for the uſe of the gunner aud junior heutenant, and in which their 

cabins ſtand. / 

Gunizel, The large timber that runs along upon the upper part of a 

ſhip's de. 

Gafeet The rope which 1s paſſed round the ſail to bind it to the yard when 
it is fried. 

Grummett. A piece of rope laid into a circular form, and uſed for large 

boats oars inſtead of rowlocks, and alſo for many other purpoſes. 

Helm. The inſtrument by which the ſhip is ſteered, and includes both 
the wheel and the tiller, as one general term. 

Helm's a lee. That is, the tiller is quute down to leeward, 

Hard a wweather, Put the tiller quite up to windward. 

Haul, Pull. 

Heave the capſtan. That is, turn it round with the bars, 

Heave handſomely. Heave gently or leiſurely. 

Heave hearty, Heave ſtrong and quick. 

Heave of the ſea, is the power that the ſwell of the ſea has upon a ſhip in 
driving her out, or faſter on, in her courſe, and tor which allowance is 

made in the day's work. 

Hail, To call to another ſhip. 

Halyards, The ropes by which the ſails are hoiſted, as the topſail hal 
yards, the jibb halyards, &c. 

Hacoſe holes. The holes in the bows of the ſhip through which the cables 

paſs. Freſher hawſe, veer out more cable. Clap a ſervice in the hawſe, 

put ſomewhat round the cable at the hawſe-hole to prevent its chafing. 

To clear hawſe, is to untwiſt the cables when a ſhip is moored, and has 

got a foul hawſe. Athwart hawſe is to be acroſs or before another ſhip's 
ead, 

Haroſer. A ſmall kind of cable. 

Hitch, To make faſt. 

Hoiſt, To hawl, ſway, or lift up. 

Heel, or incline. She heels to port, that is, inclines or lays down upon her 
larboard or left fide. | 

Hold, is the ſpace between the lower deck and the bottom of a ſhip, aud 

where her ſtores, &c. lie. To ſtow the hold, is to place the things in it. 

Hull of the ſhip. The body of it. To lay a hull, is to lay to, with 

only a ſmall fail in a gale of wind. To hull a veſſel, is to fire a ſhort 

into any part of her hull. 

Hull-down, is when a ſhip is ſo far off, that you can only ſee her maſts, 

Hull, A ſhip without maſts or rigging; alſo a veſſel to remove maſts 

into or out of ſhips by means of ſheers, from whence they are called 

ſheer hulks, 

Jeer blocks. The blocks through which jeers are drove. 

Jeers, The ropes by which the lower yards are ſuſpended, 

Jolly boat. A finall boat. 

7idb, 
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the bowſprit. | 

Fibb-boom, A ſpar that runs out upon the bowſprit. 

Funk, Old cable, or old rope. 

Knot, ſignifies a mile. 

Keel-haul, To drag a perſon backwards and forwards under a ſhip's keel 
for certain offences. This practice is now laid afide in the Britiſh 
Navy, but is uſed by other powers. 

Knippers. A large kind of plated rope, which being twiſted round the 
meſſenger and cable in weighing, bind them together, 

Log, and Log-line, by which the ſhip's path is meaſured, and her rate of 
going aſcertained. Loy-board, on which is marked the tranſactions of th: 
ſhip, and from thence it is copied into the log-book every twelve hour;, 

Lardoard. Left; as, larboard fide, left fide. 

Labours. That is, the ſhip rolls and tumbles much, 

Landfall. The diſcovery of the land. 

Land- locted. Sheltered all round by the land, ſo that there is no view 
of the ſea. 

T.a/ſh. To bind. 

Lanch-ho, ſignifies high enough, or avaſt, | 

Leeward, With the wind, or towards the point to which the wind blows, 

Le: ſbore, is that upon or agamit which the wind blows. 

Lu, or Loofe, fignities come nearer to the wind, or bring the ſhip's 
head up more to windward, 

Li. Incline. The ſhip has a-liſt to port, that is, ſhe heels to the 
larboard. 

Lanvards of the ſhrouds, are the ſmall ropes at the ends of them, by 
which they are hove taut, or tight. 

Lifts. The ropes which come to the ends of the yards from the maſt 
heads, and by which the yards are toſſed up and down. 

Ma. The upright timbers or trees on which the yards and fails are ſet, 

M:zen-1-a/ff, That maſt which ſtands abaft, and from which its rigging 
and ſails are named; as of the ſails, mizen, mizen-top-ſail, &c. and ſo 
alſo are the other ſails, &c. named from the other maſts, 

Aloor, is to ſecure a ſhip with two anchors. 

Alend the j*raice, Put on more ſervice, 

Mouſe, A kind of ball or knob, wrought upon the collar of the ſtays. 

Mater. To aftlemble. | Row 

Neſenger. A ſmall kind of cable, which being brought to the copſtan, * 
and the cable by which the ſhip rides made faſt to it, it purchalcs 


Fibb. The foremoſt fail of a ſhip, ſet upon a boom which runs out from 
| 


[ 


the anchor, Ride 
Nun-buoy, The kind of buoys uſed by ſhips of war, | by 
Neap-tides, The tides in the firſt and laſt quarter of the moon, and a!s th 
not either ſo high, ſo low, or ſo rapid as ſpring tides, A ſhip is ſaid ha 

to be benciped, when ſhe has not water enough to take her off the grout Roat 

or over the bar, &c, - ſh 

| Nothing off. A term uſed by the man at the cun to the ſteerſinan, Nos 
recting him not to ge from the wind. it! 
Narrows, A ſmall paſſage between two lands. Ratl 


Hag. To ſeaward from the land, A ſhip is in the offing, that 15, ſhe g0 
to ſeaward, at a diſtance from the land, She ſtands for the oſfug , 
that is, towards the ſea. 122 

Over. ba- 


EXPLANATION or SEA TERMS. 285 


Over-board. Out of the ſhip; as, he fell over-board, meaning, he fell 
out of, or from the ſhip, 


On board, Within the ſhip; as, he is come on board. 

Oatum. Old rope untwitted and pulled open. 

Orlop. The deck on which the cables are ſtowed. 

Over-haul. To clear away and diſentangle any rope; alſo to come u 
with the chaſe; as, we overhaul her, that is, we gain ground of her. 
Pay 8 That is, to pour hot pitch and tar upon the ſeams after 

cau Ing - 

Purchaſe. To purchaſe the anchor, is to looſen it out of the ground. 

Peck, To ride a ſtay-peck, is when the cable and the fore - ſtay form a 
line. To ride a ſhort peck, is when the cable is ſo much in as to ceſtroy 
the line formed by the ſtay-peck. To ride with the yards a peck, is to 
have them topped up by coatrary lifts, ſo as to repreſent a St. Audrew's 
croſs. 

Ports, The holes in the ſhip's ſides from which the guns are fired. 

Pudding and dolphin. A large and leiler pad made of ropes, aud put 
round the maits under the lower yards. 

Pay out the cable, That is ſhove it out at the hauſe holes. 

Pendant, The long narrow flag worn at the maſt head by all ſhips of 
the royal navy. Brace pendants are thoſe ropes which ſecure the brace- 
blocks to the yard arms, and are always double, in cafe of one being 
ſhot away, the other may ſecure the yatd in its proper poſition. 

Parcel a rope. Is to put a quantity of old eva round it before the ſervice 
is put on. 

Parcel a ſeam, ls to lay a narrow piece of c3nvas over it after it is caulked, 
before it is payed. | 

Port, Uſed tor larboard, or the left fide; alſo a harbour or haven. 

2 A number of plaited ropes made faſt to the ſails for the purpoſe 
of reefing. 

Puoil, is 1 or cable laid up round, one fake over another. 

Prarters, The reſpective ſtations of the officers and people in time of 
action, Quartering, diſtributing the men to difterent places. Quarter 
bill, the liſt of the ſhip's company, with their ſtations tor action noticed. 

Varter wind, is when the wind blows in abaft the main ſhrouds. 


Reeve, To reeve a rope, is to put it through a block, and to unreeve 
It 1s to take it out ot the block. 


Row/e in the cable. Haul it in, and make it taut, or tight. 

Reach of a river. The diſtance between any two points of land that lie 
ma right line from each other. 

Ride at auchor, is when a ſhip is held by her anchors, and is not driven 
by wind or tide. To ride athwart, is to ride with the ſhip's tideyto 
the tide, To ride hawſe fallen, is when the water breaks into the 
hawſe in a rough ſea. ; 

* A place near the land where ſhips may anchor, but which is not 

eltered, 


Rounding. Old ropes uſed to put in between the layers of the cable before 
t1s ſewed. 


3 The ſmall ropes faſtened to the ſhrouds, by which the mor? 
go aloft, | 


delle or Rudder, The machine by which the ſhip is ſtee red. 
Kullock, The nitch in a boat's fide, in which the oars are uicc. 
fete. A term for yield or ſurrender, uſed to an enemy. 
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Splice, To make two ends of ropes faſt together by untwiſting them, ang 
then putting the ſtrands of one piece with the ſtrands of the other, 
Serve, To wind ſomething about a rope to prevent it from chaſing or 

fretting. "The ſervice is the thing ſo wound about the rope, 

Scaze, To bind or make faſt. 

She * or /euds, When the ſhip's head or ſtern falls deep in the trough 
ot the ſca. 

Settle, To lower; as ſettle the top-ſail halyards, lower them. 

Sound, To try the depth of water; allo a deep bay. 

Sheer. The ſheer of the ſhip is the curve that is between the head 
and the ſtern, upon her fide. The ſhip ſheers about, that is, ſhe 
goes in and out, 

Sheers, are ſpars laſhed together, and raiſed up for the purpoſe of get. 
ting out or in a maſt, 

Scudd, to go right before the wind; and going in this direction without 
any ſail ſet is called ſpooning. 

Stee ve. ze up. the bowſprit ſteeves too much, that is, it is too 
upright. 

Spring-tides, are the tides at new and full moon, which flow higbef, 
and cbb loweſt, 

Spiiling-lings, are ropes contrived to keep the fails from being blown 
away when they are clewed up, in blowing weather. 

Starboard, The right fide. 

Spur-ſhoes, are large pieces of timber which come up abaft the pump well, 

Sprrling-line is a line that goes round a ſmall barrel, abaft the barrel of 
the wheel, and coming to the front beam of the poop deck, moves the 
tell-tale with the turning of the wheel, and keeps it always in ſuch 
polition, as to ſhew the poſition of the tiller. | 

Spear of the pump. The handle of an hand- pump. | 

Heady. A term uſed by the man at the cun to the ſteerſman, when ſab 
ing before the wind, to keep her as ſhe goes, 

Sway awady, Hoiſt, 

Stretch out, A term uſed to men in a boat when they ſhould pull ſtrong 

Swwab3, A kind of large mop made of junk to clean a ſhip's deck with, 

Sinnctt, A ſmall platted rope, made from rope yarns, 

Stem. She does not ſtem the tide; that is, ſhe does not go through th 
or cannot make head againſt it, for want of wind. 

Sued or Served. When a ſhip is on ſhore, and the water leaves her, ie 
is ſaid to be ſued; if the water leaves her two foot, ſhe ſues, or 15 ſue 
two foot. 

Stays. Large ropes coming from the maſt heads down before the malls, 
to prevent them from ſpringing, when the ſhip is fending deep. 

Spring- Stays, are rather ſmaller than the ſtays, and placed above then 
— intended to anſwer the purpoſe of the ſtay if it ſhould be ſhot 
away, &c, . ; 

Spring. To break; as to ſpring a maſt or yard, is to ſplit or be if 

Shank painter. The rope by which the ſhank of the anchor is held 
to the ſhip's fide; it is made faſt to a piece of iron chain, in whic 
the ſhank of the anchor lodges, . - 

Stoppers. Large kind of ropes, which being faſtened to the cable diet 
places abatt the bitts, are an additional ſecurity to the ſhip at ann 

Tack, To go about. | Car 
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Frey ſail. A ſmall ſail uſed by cutters and brigs in blowing weather, 

W//l-tale, An inflirument which traverſes upon an index in the front of 
the poop deck, to ſhew the poſition of the tiller, 

Traverſe, To'go backwards and forwards, 

Tiller. A large piece of wood, or beam, put into the head of the rudder, 
and by means of which the rudder 1s moved. 

Tort or taut, ſigniſies tight. | 

Trice, trice up. To haul up and faſten, 

Tarpaulins A cloth of canvas covered with tar and ſaw-duft, or ſome other 
compolition, ſo as to make it water proot. 

Tideezate, A place where the tide runs ſtrong. 

Tide it * To go with the tide againſt the wind. 

Tow, To drag. The ſhip tows her boats, that is, drags or draws 
them after her. 

Truck, A round piece of wood put upon the top of flag-ſtaves, with 
ſheaves, on each ſide for the halyards of the flags to reeve in. 

Tier Arow; as a tier of guns, a tier of caſks, a tier of ſhips, &c. 

Trunions of a gun, are the arms or pieces of iron by which it hangs on 
the carriage, | : 

Lenin, or Tomkins, The bung, or piece of wood, by which the mouth 
of the cannon 1s filled to keep out wet. 

Truck of a gun carriage, is the wheel upon which it runs. 

. The piece of wood by which the legs of the crow-foot are ex- 
tended, | 

Us/url, Caſt looſe the gaſket of the ſail, 

Unbexd, Caſt off the fail from the yard. 

Under bay. When a ſhip is ſailing, ſhe is ſaid to be under way. 

Veer, Let out, as veer away the cable. 

Veer, or wear the ſhip. That is, put her about with her head to leeward, 
the contrary way to tacking. 

Frer, Shift, The wind veers, That is, it ſhifts or changes. 

Viol, or Yoyol. A block through which the meſſenger paſſes in weighing 
the anchor. A large meſſenger is called a viol. 

Fam, A ſmall kind of flag worn at each maſt-head, 

Mate. The path or track impreſſed on the water by the ſhip's paſſing 
through it, leaving a ſmoothneſs in the ſea behind it. A ſhip is ſaid 
to come into the wake of another when ſhe follows her in the ſame track, 
and is chiefly done in bringing ſhips to, or in forming the line of battle. 

Weather, To weather any thing, is to go to windward of it, 

Wales, are {trong timbers that go round a ſhip a little above her water line. 

Water-line, The line made by the water's edge when a ſhip has her full 
Proportion of ſtores, &c. on . ä 

arp. To warp a ſhip is to draw her againſt the wind, &c. by mcans 
ot anchors and hawſers carried out, 

Warp, A hawfer, or ſmall cablet. 

Would, To would is to bind round with ropes, as the maſt is woulded. 

Weigh, To haul up, as weigh the anchor. 

Just. The ſhip yaws, that is, goes in and out, not ſteady, 

Yards, The timbers upon which the ſails are ſpread, 
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The following Queſtions and Anſwers are recommended 10 the p- 
rufal of young Gentlemen belonging to the Sea, in order 1 
refreſh their Memories, previous jo that Examination whit) 
they muſt paſs through, before they are appointed to a Commiſſion 
in the Royal Navy, or an Officer in the Eaſft-India Service: a; 
it is probable ſimilar ones may be aſked, by*thofe appointed to 
examine them, at the Navy Office and the Eafl-ladia Houſe. 


Aueſt. Ho do you find the golden number? 
A. I add one to the given year, and divide the ſum by 1g, the 
remainder will be the golden number. 


L. How do you find the epact for any year ? | : 

A. By dividing the given year by 19, and multiplying the remainder by 
I 1, the product will be the epact, if it does not exceed 30; but if it does, 

I ſubtract 30 from it as often as I can, and the remainder will be the epact. . 

2. How do you find the moon's age? 

A. To the epact I add the day of the month, and the number ofthe 
month; their ſum will be the moon's age, if it does not exceed 30; but it F 
b does, I ſubtract 30 from it as often as I can, and the remainder will be . 

er age. | 

How do you find the moon's ſouthing, or the time of her coming to l 
the meridian? 

A. I multiply the moon's age by 48, and divide the product by bo; 1 
the quotient will be the hours, and the remainder the minutes when 0 
the is on the meridian paſt noon: Or, I may multiply the moon's age by 4, f 
and divide the product by 5, the quotient will be the hours and the re- 
mainder multipled by 12 will be the minutes when ſhe ſouths, or is on 10 
the meridian, in the afternoon : But if this time ſhould exceed 12, I ſub- 
tract 12 from it, and the remainder will be the time of her ſouthing 
the morning. 

2. How do you find the time of high water at any place ? 2 

A. To-the moon's ſouthing on the given day I add the time of high- 
water, full and change, at the given place, and the ſum will be the time is 
of high water there in the afternoon : But if this time ſhould exceed 12, 

I ſabtract 12 from it, and the remainder will be the time of high wate! 
in the morning; and if it exceeds 24 I ſubtract 24 from it, and the remain: al 
der will be the time of high water in the afternoon*, 'M 

2. Suppoſe that you go into an harbour, and find by your watch that C 
it is high water at any hour of the day; by what means do you fin 5 
the times when it is high water on full and change days in that place ? 6 

A. I find the time of the moon's ſouthing on that day, and faba a 
it from the time of high water at the given place, if I can, and that vl tri 
be the time of hich water. If I cannot, I add 12 to it, and then fubtrat {21 
the above time; the remainder will be the time of high water at the | 
given place, on full and change days. ; | 

2. How do you find the zenith diſtance of any object ? ied ad of 

A, By correcting the altitude for the dip, retraction and ſemidiame 7 bog 
and then ſubtracting it from go?, the remainder will be the zenith diſtance, 12 


f me. 


which will be either north or ſouth, according as the object beats o 


*The time of high water is ſound more correct by the tables, ſee 58 pal 
* 5 \ Rv 
—_ 
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9, Suppoſe the zenith diſtance 102 north, and the declination 20? north, 

what latitude are. you in, and of what name ? 

. Ten degrees north. 

9, The ſun is in your zenith, what latitude are you in? 

4, The fame as the declination is, whether north or ſouth. 

9, Your zenith diſtance is 20% north, and your declination is 20® north, 

what latitude are you 1n ? 

J. Upon the equator, and yy ary in no latitude, 

9. Suppoſe that your zenith diſtance is 50% ſouth, and the declination 

102 north, what latitude are you in? 

A. Sixty degrees north. 

9. Suppoſe your zenith diſtance be 45 north, and the declination 155 

ſouth, what latitude are you in? 

A. Sixty degrees ſouth. 

2. Suppoſe your zenith diſtance is 459 north, and the declination 159 

north, what latitude are you in? 

A. Thirty degrees ſouth. 

2. What do you mean by the word amplitude? 

A. The true amplitude is the number of degrees that the ſun, moon 

or ſtars, riſe and ſet, to the northward or ſouthward of the true caſt or 

weſt, The magnetic amplitude is the number of degrees they riſe or ſet to 

the northward or ſouthward of the caſt or weſt point of the compals. 

2, How do you find the true amplitude ? 

A. As the co-ſine of the latitude : is to the radius : : ſo is the fine of 

the ſun or ſtar's declination : to the fine of the true amplitude, Or if the 

ſecant of the latitude be added to the fine of the ſun or ſtar's declination, the 

lum (rejecting 10 in the index) will be the log. ſine of the true amplitude. 
But ſuppoſing the evening or morning proves cloudy, and you cannot 

ſee the ſun or a ſtar, how will you find the variation of the compaſs ? 

A. By an azimuth, 

What do you mean by an azimuth ? 

A. The true azimuth is the diſtance of the ſun or ſtar from the true 

north or ſouth at every degree and minute of altitude. 

The magnetic azimuth is their diſtance, at each degree and minute of 

of altitude, from the north or ſouth point of the compaſs, 

How do you find the true azimuth ? | 

A. By adding the complement of the latitude, the complement of the 

altitude, and the ſun or ſtar's polar diſtance into one ſum ; from half this 

lum J ſubtract the polar diſtance, noting the half ſum and the remain- 


end der; Then, to the arithmetical complement of the co-fine of the latitude, I 
add the arithmetical complement of the co- ſine of the altitude; the log. 
ut mes ot the half ſum and the remainder ; half the ſum theſe four logarithms 
will will give the co-fine of half the true azimuth, which being doubled 1s the 


* azimuth, reckoned from the north in north latitude, and from the 
outh in ſouth latitude. 


Or it may be found thus : | 
1 0 the log. co-ſecants of the co. latitude and altitude, add the log. fines 
cr, che half ſum and the remainder; half the ſum of theſe four loga- 


ths (rejecting 20 in the index) will be the log. co-fine of half the true 
muth, as before. 


le magnetic amplitude or azimuth by obſervation; how do you find the 


ation? 
3 0 02 A. By 


: You have given the true amplitude or azimuth by calculation, and 
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A. By placing both the amplitudes or azimuth before me, then if th 
true amplitude or azimuth be to the right hand of the magnetic, 4 * 
ſerved, the variation is eaſt, but if it be to the left hand, it is welt. 

2. You have the latitude and longitude the ſhip is in, conſequently he 
place, how do you ſhape her courſe, or in other words, find her 5. "0 
and diſtance to any other place, whoſe latitude and longitude is known! 

A. It may be found briefly by the tables of difference of latitude and 
departure, but by logarithms I will ſay, 

As the meridional difference of latitude ; is to radius :: fo is the di. 
ference of longitude : to the tangent of the courſe. And, 

As the co- ſine of the courſe : is to the proper difference of latitude 7 
ſo is radius to the diſtance. 

2. You have the difference of latitude and departure made good in the 
24 hours, how do you find the courſe and diſtance, and the ſhip's plac 
by logarithms ? | ; 

A. As the difference of latitude : is to radius: : fo is the departure: t 
the tangent of the courſe. And, 

As the co-ſine of the courſe : is to the difference of latitude : : ſo i; 
radius : to the diſtance made good mn the 24 hours. 

Having the latitude and longitude left, and the difference of latitude, 
I find the latitude in, and the meridional difference of latitude ; I then fax, 

As the ca- ſine of the courſe : is to the meridional difference of latitude 
:: ſo is the fine of the courſe : to the difference of longitude, Or, as the 
proper difference of latitude : is to the departure : : ſo is the meridional 
difference of latitude : to the. difterence of longitude, Having the long: 
rude left, and the difference, the longitude in is found by addition 0 
ſubtraction, as the cafe requires, 

Q. You have now the ſhip's place by calculation, how do you findi 
on a Mercator*s Chart? 3:4 
A. By laying a ruler acroſs the Chart on the ſhip's latitude, and taking 
her longitude in my compaſſes, and ſetting one point on the meridian, by 
the fide of the ruler, I turn the other eaſt or weſt, according as tht 
longitude is, (by the fide of the ruler) and it will point out the ſhip'splace 

J. You have now the ſhip's place, how do you find her bearing au 
diſtance to any other known place ? 

A. By laying a ruler over the point where the ſhip is, and the git 
place, and with the compatles I take the neareſt diſtance between the ful 
and the center of ſome compaſs on the Chart; and flide the compaſs 

along the ruler, (keeping both points perpendicular to it) the farth 
point from the ruler will ſhew the courſe, or bearing between the ſlup 
and place, Again, 

I take the diſtance between the ſhip and place in the comaſſes, and 
then lay one point on the meridian as much below the ſhip's place, as th 
other is above the given place; that diſtance, reckoned in degrees, lengut 
or miles on the meridian, according as it is divided, will be the diſtan 

L. You are ordered to a ſhip, ſhe is lying in dock; prepare to 
her out of dock, 

A. J would take on board what kentledge was neceſſary, ſtream anche 
and cable, kedge anchor, hawſer and tow- line, with ſome ſpare ropes f 
guys, to keep her fair for the dock gates; buoy and buoy-ropes, ® 
ſtream and kedge. 

e When your ſhip is out of dock, what is firſt to to be done? 
| | A, I wv 


- 


In Inches. 


| wobl 
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A, I would take on board the remainder of the kentledge and level the 
hold; by laying the kentledge from the fore part of the tore-hatchway to 
the after-part of the after-hatchway. 

9, If you are taking in bales, how would you dunnage, and which 
part of the ſhip moſt * 

A, 1 would dunnage fix inches and moſtly about the well, main hatch- 
way, the wake of the chains and floor timbers. 

9, Suppoſe you have one and a half foot water in your hold, and your 
ſip heels four ſtreaks ; what dunnage ought you to have to preſerve the 
cargo ? 1 

7 Three feet. "0p 

9, How would you moor your ſhip at Graveſend ?_. . 

A. I would come to with my ſmall bower, veer the ſervice into the 
hawſe, and then hang my beſt bower anchor to the long boat, and with 
the tide drop her a-ſtern: when the cable is taught, let go the anchor, 
firſt letting go the ſhank-rope, to keep the cable more taught. 

9, How would you hang the anchor to the long- boat? 


— 


A. Take the buoy- rope over the roller (which is in the middle of the 
ſtern of the long- boat), bring the bight round the main thwart, cockbill 


the anchor, hook the cat to the anchor, and lower away, until the flukes 
of the anchor are clear of the boat's bottom, then make faſt the buoy- rope, 
hare a ſhank-rope through the ring, (which is at the boat's ſtern-poſt), 
paſs it round the ſhank of the anchor, make it faſt to the after thwart, 
lower away and unhook the cat, then veer away the cable; be careful 
to heave the buoy over-board before you let go the anchor. 

How do you moor in the Downs? 8 

4. With my beſt bower to the 8. W. I would veer away with the laſt 
quarter flood, and moor with the ſmall bower to the N. E, 

9. Where is the beſt anchoring in the Downs? _ 


A, Upper Deal church and caſtle in one, in eight or nine fathoms 
water, | 

9. What are the marks for anchoring in the Downs ? 

A. The South Foreland S. S. W. Deal caſtle bearing Weſt, and Sandwon 
caſtle N. W. 

?, How would you unmoor in the Downs with the wind at north. 

A. I would ſplice my ſtream cable to my ſmall bower, and veer away 
at half ebb, that I might have time to ſtow my beſt bower, and ſhorten 
in my {mall bower-cable, before the ſhip tends to windward. 

Proceed to unmoor ſhip as it is done in the navy. 

A. I would ſend for the maſter to ſee the hawſe is clear, turn all hands 
up to unmoor ſhip, lay the capſtan-bars for ſhiping, call the mate to ſee 
the meſſenger paſſed for the heſt bower, rig the davit out, becauſe I 


will 
Norx. 


er All cables ought to be 120 fathoms in length, and are in proportion to 
n er, as the cubes of their diameters. The number of threads of which 2 
3 - compoſed being always proportioned to the length and thickneſs, and the 
4 10 and value of it is determined by this number. The number of threads and 
gli of cables of different circumferences may be ſeen in the following table: 
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will take it up the firſt quarter flood, get the cat and fiſh to paſs fy 
the beſt bower, ſtretch along the fiſh tackle; quarter maſters mal in 
the tier, and ſtand by to veer awry the ſmall bower-cable ; ſhip the 
capſtan-bars, pin and ſwift them; clap on the ſtoppers before the bitt, 
and bring to the meſſenger. At the ſame time unbit the beſt bower, rowt: 
aft the ſlack of the cable; heave taught, take off the ſtoypers, hold on 
the meſſenger, and heave away; veer away the ſmall bower-cable, 
clap on the nippers : Thick and dry for weighing, heave chearly ; the 
anchor's away, keep faſt the ſmall bower cable; quarter-maſter take 
hold of the helm; lookout for the anchor ; the anchor 1s in fight; heare 
and paul the capſtan; hook the cat; haul taught, and take a tum; 
{urge the meſſenger round the capſtan; take off the nippers ; out cable; 
cable enough; haul cat; ,belay the catfall; paſs the ſtoppers ; hook 
the fiſh; try fiſh by hand; haul away the fiſh; belay the fiſh tackle. 
tall; paſs the ſhank painter; bowſe to the ſtock-tackle ; belay the ſhank 
painter; make faſt the ſtopper and ſtock laſhing ; come up cat and fiſh; 
unhook both ; haul the buoy in; then ſhift the meſſenger for the ſmall 
bower and bring to, clap on the ſtoppers before the bits and unbit the 
cable; rowſe aft the flack of the cable; man the capſtan ; hold on the 
meſſenger ; forecaſtle-men ; rig out the davit for the ſmall bower ; when 
the anchor is a-peak, ſend the top men to looſe the ſails ; man the yard; 
{tretch along the top fail ſheets ; let go the top fail; reef tackles, bunt. 
lines and clue-lines; foot the ſails out of the top; haul home the top-ſail 
theets ; ſtretch along the top-fail halyards and man them; quarter-maſter- 
and boarſwain's mates attend to the braces ; hoiſt away the top-fails; 
belay the halvards ; trim the ſails ; heave up the anchor ; flow it as before, 
and haul the bouy in. 

9, How would you unmoor with the wind 8. E. or 8.? 

A. Veer on the beſt bower- cable, and take the ſmall bower anchor up 
firſt; and proceed as before, then to heave in to the ſhort ſervice on the 
beit bower, &c. If the anchor has great hold and afraid of ſtranding the 
meſſenger, clear away the main capſtan and laſh a block or purchal: 
blocks, on the cable, and one to the main-maſt ; or one to the two ports 
abreaſt of the main-maſt ; reeve a hawſer through them, and heave on both 
capitans together. 

9. Suppoſe you are cloſe upon a wind, in moderate weather, with al 
your fails fet, how will you tack the ſhip ? | 

A. I would hand down the lee-bow-lines, ſtretch along the weather 
braces, the weather ſheets and lee-tacks ; then put the helm-a lee, | 
go the fore-ſhcet, lee fore-top-ſail, brace and fore-top-bow-line, jib,and ftay- 
tail-ſheets: and haul them taught. When the fore-top-ſail touches, bract 
to and help her; when aback brace up and help her; when the wi 
is out of the after-ſails, raiſe tacks and ſheets ; ſhitt the ſtay-ſail-tacks, and 
haul over the ſlay-fail-ſheets ; cant ſprit-ſail-yard, when the wind is fr. 


N. B. One watch of the top-men on the quarter-deck and fore-caſtle to ſe 
up the weather-breaſt-back-ſtays.:-If ſhe has ſtern- way, ſhift the helm 
and ſquare tho ſprit-ſail-yard ; haul on board the main tack and aft the 
main ſheet. Brace up the main yard when the after-fails are full; haul 
off all; and haul on board the fore-tack; keep in the weather-bracts 
forward, and let her come to, then brace up ; LY aft the fore ſhe, 


Jib and ſtay-ſ4i]-ſheets ; fer the back ſtays when head to the wind up, * 
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haul the bow-lines; then haul taught the weather-braces, lee-tacks 
and weather-ſheets; have the braces let go at once; when the word is 
rien to haul main-ful, (all the hands on the braces ſhould Keep hauling 
taught in for the run), the yards will ſwing ot themſelves. 

9, How would you tack a ſhip under her three top-fails ? 

A. I would put the helm a lee, eaſe off the fore-top-ſail brace, 
keep faſt the fore-top bow-line ; when the fore top-ſail touches, brace 
to and help her; when the wind is a head, haul the main top-ſail and 
lift the helm; then brace up the main- yard, and haul the main-top bow- 
line; when the after-ſails arc full, let go and haul; keep in the weather— 
braces forward, and when ſlie comes to brace ſharp up, haul the main 
and fore-top bow-lines, and haul taught the weather-braces. 

9, How do you veer, or, wear a ſhip with all her fails ſet ? 

A. I would haul the mizen up, and the mizen-ſtay-ſail down, or trail it 
up, hard a weather the helm, ſhiver the mizen-top-fail, let go the main and 
main- top bow- lines, eaſe off the main-ſheet, the lee-main-brace, and round 
in the weather-brace. When the wind is abaft the beam, raiſe the main- 
tack; when the wind is aft, ſquare the head-yards, and get the other 
tacks on board; haul aft the ſheets, ſhift the-jib and ſtay-ſail ſheets over 
the ſtays, and as ſhe comes to, haul the mizen out; hoiſt the mizen ſtay- 
ſail, and haul aft the ſheet ; brace the head-yards up, haul the bowilines, 
and trim all ſharp. It a freſh wind, and ſhould be proper to ſhorten fail, 
in top-gallant-ſails, down jib and ſtay-ſails, take one or two reefs in 
tae top-ſails. 

2. It blows hard, would have you proceed to cloſe reef the top-fails ? 
A, I would let run the halyards, and haul the yards cloſe down by 
the clue-lines and down-haul tackles ; if the wind is large, man the clue- 
nes and bunt-lines, let go the ſheets, and clue them cloſe up; haul in 
the weather-brace, and ſpill the ſail as much as poſſible; then haul out 
the reef tackles, ſend men up and haul out the weather earing firſt, then 


bl Ihe lee one, and reef away, hauling the other reefs up before the yard: 
dhe ſhip is upon a wind when the top-ſail-yard is down, let go the 
0 ow-line. It is moſtly the way to man the clue- lines and the bunt-lines, 


o eaſe off the lee-ſheet and clue it up; then man the weather-brace, let 
$0 the lee-brace, eaſe off the weather-ſheet and clue it up, hauling in the 
veather-brace and bunt: lines at the ſame time; when the ſail is ſpilled, 
aul out the reef-tackles, and reef as before. But to keep the ſail from ſplit- 
ng or ſhaking (eſpecially if it be wet) it is the beſt way to man the clue- 
nes, bunt-lines and weather-brace, let go the lee- brace, eaſe off the wea- 
cr ſheer, hauling up the clue-line, and in with the weather-brace at the 
me time; when in enough, eaſe off the lee-ſhcet, clue up, &c. N. B. To 
t à top. ſail on a wind when it blows ſtrong, always haul the lee ſheet home 
it then the weather one, &c. &c. as before. 

It blows harder, you muſt take in your top-ſails ? 

A. T would take in the fore and mizen top-ſails firſt, becauſe it will 


ſet pic the ſhip forward, (for when it blows hard we generally have a head 
Im o and ſhe keeps to the better) let go the fore-top bow-line, lower away 
he 


0 halyards, man the clue-lines and bunt-lines, clue cloſe up, and haut 
it the reet-tackles, haul in the weather-brace, ſteady the A. hom haul 
uznt the top-ſail halyards; ſend the people up to hand the ſail, and when. 
l i betore they go on the yard, Ill clap the rolling tackle on to ſteady the 
id WE. © f9Þ-fails ſhould be taken in the ſame way) after that, if fqually, 


4 N 1 ! OY '3 5 4 
uv! 4:20 main-top-ſail, and then the ſhip is under her courſes. 8 
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2. How would you vcer a ſhip under her courſes ? 

A. I would haul the mizen and main-ſail up, and down with the mizen. 
ſtay-ſail, ſquare the after-yards, hard a weather the helm, man the weather 
fore-brace, and cafe off the lee-brace and fore bow-line ; cafe off the fore. 
tack, and ſtand by to haul on board the other; keep her large if room, 
until I get the tack on board and belay it; then luff up to the wind, hay] 
aft the fore · ſhect and brace up the fore-yard, ſet the after-ſails, aboard mein 
rack, aft the main-ſheet, brace all up, and haul the bow-lines; when m 
ſails are trimmed, ſhiſt the rolling tackles on the top-ſail-yards, 

9. Suppoſe you are lying to in a hard gale of wind, under a reef main- 
fail, you want the flüp's head on the other tack ; how will you veer in; 
great ſea ? | 

A. I will watch her falling off, and put the helm a-weather, when ſhe 
does, caſe off the main- ſneet; if that will not do, I'll man the fore ſhrouds, 
and get tarpaulins and hammocks or ſparc canvas up, and ſpread it: Ifthat 
will not do, I will haul aft the main-ſheer, and put the helm a lee, then ſend 
hands out to the ſprit-ſail yard with hammocks and gaſkets to ſtop the ſprit 
ſail, (called balancing) within the lee clue-line ; block and looſe the lee 
yard-arm, then haul afr the ſheet, clap the helm hard a-weather, caſe of 
the main - ſneet, round in the weather-brace, gather aft the other ſheet, haul 
the main tack on board; when ſhe is before the wind, ſquare the ſprit-ſal 
yard, clue the fail up and furl it; eaſe the helm down a-lee, brace the 
yards up, haul the main-ſheet att, bowſe the bow-line up, lafh the helm 
three parts a-lee and ſhe will lay to as before. 

2. Suppoſe ſhe will not veer after all you have done? ; 

A. I will looſe the gooſe wings of the the fore-fail ; if that will not do, 
ſet the fore-ſail and veer her as under her courſes, or haul the main-tail up; 
if by hauling the main-ſail up and furling it ſhe does not veer, lower dow! 
the mizen-yard ; if that will not do, lower down the croſs-jack-yard a 
mizen-top-maſt; if that will not do, cut away the mizen-maſt. 

9. How do you caſt a ſhip, when intending to get under way? 

A. It I am to caſt her to ſtarboard, I would haul in my larboard braces 
forward, and let my after-yards lay ſquare; I may hoiſt the fore top-mil 
ſtay-ſail, and keep the ſheet to windward to help het ; if I am to caſt he 
to port, I would haul in the contrary braces, when caſt, fill the head-ſal 
and brace up as circumſtances require. N. B. If a ſhip is wind rode, 
ſoon as the anchor is right up and down, put the helm the way you woll 
have her caſt, ſetting in the ſame braces abaft, and the contrary forward; 
but if ſhe is tide rode, the helm muſt be put the contrary way to which y0! 
would have her caſt, and ſet in the braces forward; which ever way ts 
helm is, the braces abaft muſt be the contrary, 

©. It blows hard, and you ſplit your top-fail ? 

A. I would let go the bow-line, haul in the weather-brace, and love 
away the halyards, clue up the lec-ſheet, haul up the bunt-lines, fart 0 
weather - ſneet, belay the clue lines and bunt-lines, unbend the fail, bens 
another; then cither furl or ſet it, as circumſtances require. 

©, You are lying to in a hard gale of wind, and ſplit your main-ſail“ 

A. I will haul it up carefully, unbend the ſail, and bend another, ge 
on board the main tack, and haul aft the ſheet; when the fail is ſet, gd“ 
tackle on the weather leach to ſecure the tack, and a preventer ſheet; 
in ſmall ſhips they get the lee tack aft for a preventer ſheet. 43 

2. Suppoſe you are on a wind, and let the ſhip come vp in the We 
and arc all aback, what will vou do ? A. I 
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4, 1 will box her off, and ſuppoſe ſhe will not box off, I will haul the 
mizen up, let go the main and main-top bow-lines, the lee main and main- 
top-fail braces, and lay all ſquare abatr, put the helm to leeward, if ſhe 
has ſtern-way, when the wind 18 abaft the beam ſlrift the helm . and, as 
ſhe gets head-Way, haul in a little of the after braces, haul the mizen out, 
brace up ſharp abaft, and haul the bow-lines ; and then I am on the ſame 
tack as betore. : ; | 
9, Suppoſe you are on a wind, cloſe upon the land, and ſtanding on 
mult ran on ſhore, and you can clear the land on the other tack ; but it 
blows hard, and a head ſwell, that ſhe will not ſtay ; and ſhould you veet 
you would be on ſhore, how wovld you get upon the other tack ? 

" 4. 1 would club haul her; this is done by putting the helm a-lee, and 
letting. go the lee anchor, and bringing her up head to wind; then cut the 
cable and haul about the after-ſails ; and when they are full, brace about 
the head-ſails, haul on board the fore-tack, and brace up the other way. 
9, If by accident your ſhip is brought by the lee, what would you do? 
A. When a ſhip is brought by the lee, it is commonly occaſioned by 4 
large ſea, and by the neglect of the helm's-man. When the wind is two 
or three points on the quarter, the ſhip taking a lurch; brings the wind 
on the other ſide, and lays the ſails all dead to the maſt ; as the yards are 
braced up, ſhe then having little way, and the helm being of little ſervice, 
I would therefore brace about the hcad-fails the other way, and keep the 
main-top-ſail fhivering ; when ſhe gathers way, and brings the wind aft 
again, raiſe the fore tack and ſquare the head-ſails; trim the ſails as they 
were before, and bring her to her courſe again. N. B. It is dangerous 
to bring a ſhip by the lee in a gale of wind, for ſhe lying entirelyagainſt. 
the ſea, her ſails can be of little ſervice till they are braced about, 


pare for going into port and ancioring. 

A, Pil order the cables to be bent; thus, get their ends up, reeve, hawſe; 
and ring ropes to haul them out, the forecaſtle- men to elinch them, and 
quarter-maſters to clap the bends on, reeve the runners and tackles; 
unſtow the anchors, bend the buoys and buoy-ropes, ſing le the ſtoppers 
| and ſhank-painters, hit the bower-cables with a long range, have the 
dog-ſtoppers to paſs, ſee the tiers clear, have hand-leads and lines in the 
chains, fend down the top-ropes, reeve the top-tackle-falls, unſling the 
lower yards, when the cables are bent, &c. clap the hawſe bucklers on. 
2. You are off the Eddyſtone, the wind at S. W. in a hard gag, under 
1 reet fore-ſail, and you muſt anchor in Plymouth found, how will you 
bring up tor the ſafety of the ſhip, and with what anchor? | 
A. To give myſelt time for anchoring, I will haul my fore-ſail up, get 
the theet anchor over the fide, and bit the cable to the after-bits with a 
range, get down top-gallant maſts and fprit-ſail yard, in fore and aft, unfid 
the top-maſts, and ſtretch along the jeers, clap the wing ſtopper on the 
Iecond cable of the beſt bower; being all clear, V1 ſet my tore-ſail and 
ſteer in for the Sound, and when I am near the place I intend to anchor 
in, Pl man the fore clue garnets, and ſtand by to lower the yards and 
top-maſt, being ready, lower away, haul the tore-{atl cloſe up, and furl 


ns top-maſts; having the marks on to anchor, ſtream the beſt bower 
3 ſee that it goes clear of the ſhip, and when I intend to bring 
and b 45 e helm down, and haul the mizen out, then let go the anchor 

deer away at leaſt one and a half cable before I check her; ſhould the 


P Þ ſhip 


L Coming into ſoundings from a long voyage, I would have you pre- 
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(a Portland, clap rolling tacxles on the lower vards, and heel ropes on- 
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ſlvp drive with two cables out, on the beſt bower, ſtream the ſmall boyer. 
my and let go the anchor, which will allow me to veer a cable on the 
{mall bower, this will bring her up if it blows ever ſo hard, and I har 
ſtill the ſheet-anchor to ſtand by; when I have brought up, and double. 
bitted and . the cables, p Il get the top-ſail ——_ tore and aft in the 
tops, and make the ſhip as ſnug as poſſible; as ſoon as the gale is over 

et the anchors up and moor properly, The beſt method is to unbend the 
mall bower buoy rope from the 2 it being liable to get foul of the 
beſt bower cable, by the buoy going over and over again of the (id 
cable, which has been often the caſe. 

N. B. In coming from the weſtward with a hard gale of wind, and 
bound into the Downs, take the ſame method. 

2, Suppoſe you are on a lee ſhore, and had neither room to veer ot 
ſtay, nor any anchoring ground, how would you put the ſhip's head 
round the other way? , 

A. I would put my helm hard a-lee, when ſhe comes head to wind 
raiſe the fore and main tacks directly, make «4 run with my weather braces 
and lay all aback at once, then haul forward my lee-tacks and bowling 
as far as I can, that the ſhip may fall round on her heel, and when the 
main-ſail begins to ſhiver, I would haul it up, fill my head-fails, and 
{luft the helm hard a-weather; when the wind comes on the other quarter, 
haul on board the main-tack, ,and bring her cloſe to the wind. 

2, Suppoſe you were on a lee ſhore, and could clear the danger onthe 
other tack, although not room to veer and a ſea on ſhe will not ſtay, and 
you had good anchoring ground, what would you do ? 

A. When I ſaw the danger I would take a good hawſer, and leaditout 
of one of the quarter ports, and bend it to the anchor to leeward ; the 
other part I would bring to the capſtan, ſhip the bars, and when I clap 
the helm a-lee, and as =o as the wind is out of the main-ſail, haulit up, 
let go the anchor, and heave on the ſpring to caſt her, becauſe the cable 
ſhould not check her. When ſhe comes head to wind, brace about the 
main-yard, haul on board the tack, and cut away the cable and ſpring; 
when the main-ſail fills, ſet the fore-ſail, haul on board the tack, and 
trim her to the wind. 

A. Suppoſe it blows hard, you cannot carry your courſes, night coming 
on, and it is likely to blow harder, what will you do? 

A. 1 would haul the fore-fail up and furl it, balance the mizen, hail 
it out tokeep her to, then haul up the weather main-clue-garnet and bunt 
line, then the lee clue-garnet-bunt-lines and leach-lines, Snare the yards 
and get ſtrops round the maſt above the booms to hook the yard tackles unt! 
for rolling tackles, then reef the ſail, when reefed, haul on board th Now 
tack, get aft the ſheet, handſomely, tend the braces, bowſe up the boli 
line and haul up the mizen. 


9. You are juſt abreaſt of Portland, the wind has taken you aba 4, 
ou have all ſails ſet, and you have no time to take them in, for you the 
be on ſhore or in the race preſently, how will you procced ? lower 
A. If ſhe has head-way, I will put the helm a-port, let go the fore Bn oa; 
ſheet and larboard braces ; as ſoon as the after-ſails ſhiver, haul down 2. 


the ſtudding-ſails; if it blows freſh, take in top-gallant-ſails, brace 
the after- yards; when full, brace up forward and haul on board the ſolt 
rack, trim all ſharp, haul taut the weather- braces and haul the bow-linth 
the bow-lines firſt, then the weather-braces, 

2, Supp 
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9, Suppoſe you are turning over the Flats with your top-ſails and fore- 
fail, you endeavour to put about, but ſhe will not ſtay, there 1s a ſand 
a-head within a cable's length of you, what will you do:? 

A, I will heave all aback, and when ſhe has ſtern- way ſhift the helm; 
when ſhe has paid well off, brace about the head- ſails and ſhiver the atter- 
fails; then ſhe will veer round and ſtand off, 

2. You are in a gale of wind, and fplit your fore courſe, what will 
ou do ? 

A, I'll man the weather fore clue-garnet, bunt lines and leach-lines, 
eaſe off the fore-tack,and when clued up, man the lee-clue-garnet and haul 
it cloſe up; then let yo the lee-brace, haul taut the lifts and braces, fend 
hands to unbend the ſail; when another, is bent, and I want to ſet ir, 
I will haul on board the fore-tack, and haul aft the fore-ſheet, brace the 
ard up and haul the bow-line. 

9, It blows hard, and you want to reef your courſes, how would you 
roceed ? 

Ft I will clear away the top-ſail ſheets and lifts, man the down haul 
tackles, lower away the jeers, let go the bow-lines, and clue the fails up 
round the weather-braces, haul taut the liſts, braces, and rolling tackles ; 
then ſend hands up to reef the fails ; when I want to ſet them, f will pro- 
ceed with the ſails as before. oy 

9, Suppoſe it blows hard at 8. W. and you are drove from your an- 
chors in the Downs, what would you do ? 

A, I would ſteer for the gull ſtream, which I ſhall know by having the 
upper Light on the South Foreland to bear S. W. by S. then ſteer away 
between the N. E. and N. E. by N. which will carry me between the 
Brake and the Goodwin Sands, keeping to the Goodwin in nine or ten fa- 
thom, and to the Brake in ſeven or fix. 

9, You are ſtanding on a wind with all your ſails ſet; your enemy is 
in ſight, ſtanding towards you, how do you clear your ſhip for action? 

A, I will turn all hands up to clear ſhip, up all hammocks, the quarter- 
maſters to ſtow them in the netting, and on the gang-way; get the top-mens 
bammocks up in the top; down all cheſts in the hold; quarter-maſters 
tow them; take in all the ſmall ſails ; fling the lower yards with top- 
chains, get the puddings and dolphins up; then fling the top-ſail yards 
bal. maſt or cloſe up; ſtop the top-ſail ſheets, ſtoppers on the jcers, or elſe 
rack them; gunners get the match-tubs between every two guns, matches, 
powder-horns, crows, and handſpikes ſufficient for every gun; all hands 
to quarters, keep ſilence and mind the word of command, fire not a gun 
until the word ot command is given; mind you do not fire a ſhot in vain. 
Now I have all the three maſts in one, fire ! 

2. Suppoſe you ate in chaſe of an enemy's ſhip of war, upon a wind, 
Withall your fails ſet; ſhe is right ahead, on which fide will you engage her? 
A. I will engage her to leeward, by reaſon ſhe cannot put aw y before 
the wind, and if there is any thing of a ſea, ſhe may not be able to fight her 
Wer tier of guns. If light breezes and hot weather, it would be better to 
ngage to windward, to let them receive the ſmoak and heat of the fire, 

& You-are chaſing from the wind, and carry away your main-top-maft 
W will you proceed ? 

4. I would haul up the main-fail and ſend hands up into the top with a 
pe or hawſer, to clap on that part of the maſt that hangs down, then cut 
 lanyards of the main top-maſt ſhrouds, and lower away, caſt off the 
dauer, reeve it to ſend the ſtump down, clear away the rigging, unſlinz 
Ppz2 the 
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the main yard, get the foretackle on it and bowſe forward the yard, the, 
lower the ſtump upon deck, and get the ſpare top-maſt ready for the croßt. 
trees ; clap the hawſer on and _ it up high enough tor the rigging. ; 

©. You are lying to in a hard gale of wind under your main court; 
you carry away your main-maſt, how will you proceed toclear the wreck 3 

A. I wilt clap my helm a-weather, brace my fore and fore top-ſail vad 
full, then call all hands to get pole-axes, &c, to clear away the rigging, 

©. Why will you put the {hip before the wind? oo. 

A. Becauſe the matt will go a-ſtern clear ot the rudder, and prevent it 

amaging the ſhip, 

L You are going large and fee a {hip in the wind's eye, how will you 
proceed to chaſe her? 

A. I will turn all hands up, get my tacks on board, brace up my yard; 
and haul att the ſheets ; haul the bow-lines, ſet the jib and ſtay-ſails, keey 
her full, and by making ſhort boards and turn directly to windward, which 
will prevent her putting away large. 

2. Suppoſe you were to carry away your bowſprit, what would you do? 

A. I would immediately veer ſhip, and keep her before the wind; and 
fhen, for the ſecurity of the fore-maſt, I would carry forward the fore. run. 
ners and tackles, and bouſe them well taut, till I can get a hawſer or ſuf. 
ficient rope, and clinch it round the maſt-head, and ſecure it to the hits of 
the forecaſtle or the cat-heads ; then take the beſt ſpar I have, and make a 
jury bowſprit of it. 

2. Having a fair wind, how will you ſet your fore-top-maſt ſtudding. 
tail, on the larboard fide ? | 

A. Firſt haul taut the truſs tackles, and bowſe the fore yard cloſe to; then 
haul taut the larboard fore-litr, and ſtarboard fore- top- ſail clue-line, on board 
his majeſty's ſhips the top burtons are on the top-tail yards to keep them ſquare 
when ſtudding ftüls are fer, (the top-ſails, lifts and clue-lines not thought 
of) the fore-top men down on the foreyard, and rig out the larboard itud- 
ding-fail boom, firſt ſending down the itudding-ſail tack and outer halyard 
up to the fore-top-ſail larboard yard-arm ; and reef the halyards, ſend then 
down and bend them; the tack being bent and all ready, man the halyard, 
and hoiſt away, haul out the tack, &c. If the wind is on the beam or quar 
tering, ſet it abatt the top-ſail; if right aft before the top:ſail, (which 
done by a man ſtanding on the fore yard-arm, with the leach of thx 
ſtudding-ſail in his hands), | 

A. Suppoſe you are in an engagement, and your main-top-maſt ſtay l 
ſhot away, how will you ſecure your maſt ? 

A. 1 will ſend my ſhitting back-ſtay forward by the main-top-maſt ſtar- 
fail halyards, and reef it through a block abaft the fore-maſt head, bowie! 
taut, and that will ſecure the maſt. 

2. Your ſhip comes to againſt her helm, what will you do? 

A. Iwill haul my mizen up, and ſhiver the atter-ſails, 

2. She comes to yet, if ſhe ſtays ſhe will be on board ſome other ſlup! 

A. I'll let go the 3 and fore-top-ſail braces, raiſe the fore tack 
let go the bow-lines, haul in the weather-braces and box her att, 

how do you ſplice your cables? 

A. I will put the whole ſtrands of the beſt or ſmall bower cables tw 
each way, and point each ſtrand with a tail of three fathoms each; tht! 
ſeize them with quarter and end ſeizing, to make them lie ſnug, which 
the readieſt way be clearing the hawſe. They being ſoon ſpliced and ur 
ſpliced when pointed, 9, Hi 
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9. How would you mark the lead-line ? 

J. Black leather at 2 and 3 fathoms, white at 5, red at 7, black at 10, 
white at 13, (ſome ſeamen ute black at 10 and 13) white at 15 as at 5, red 
at 17 as at 7, two knots at 20 fathoms, and fo on, an additional knot at 
every 10 fathoms, with a ſingle knot between each 10 tathoms to mark the 
line at every 5 fathoms. | | 

9, You are ſent down in the dark for a top-ſail, how do you know a 
main- ſail from a fore- ſail, or a main-top- ſail from a tore-top-ſail ? 

A, If it has three bow-line cringles it is a main-fail, if it has but two, it 
is a fore-ſail ; if it is marled abaft the foot-rope, it is a main-ſail, if before, 
it is a fore-ſail: If a main-top-fail, it has four bow-line cringles, if a forc- 
top-fail but three; all top-ſails are marled to the rope, becaule the ſoot- 
rope is ſerved, ; 

9, The ſheers are alongſide, how do you get them in? 

A. Par-buckle them in with their heads aft on the poop, and get the fore 
and main-runners on them for guys; laſh on two tourtold blocks, reeve 
the maſting-falls, get girt-lines on the head of the ſheers to Geady the 
maſt-head, put heel laſhings on the ſheers, with good oak planks under 
them, to tranſport them forward on; laſh one of the fourtold blocks tor- 
ward to the ſtem, and bring the fall to the capſtan; heave the ſheers high 
enough: when done, I'll take forward two runners and tackles to aſſiſt the 
ſheers, take the mizen-maſt firſt in, then raiſe the ſheers erect, take in the 
main-maſt, bowſe the heels of the ſheers forward, and keep them upright 
to take in the fore- maſt. 

2, How do you rigg a lower maſt ? 

A. I will laſh on the girt-line-blocks, put on the bolſters, parcel and 
tar them, put over the runner and tackle-pendants, then the foremoſt of 
the ſtarboard-ſhrouds, then the larboard, and ſo on; then the ſtay and 
ſpring-ſtay, ſeize in the dead eyes for the ſhrouds, and the harts for the: 
ſtay, reeve the lanyards, ſet up the rigging, get the top over head, and 

bolt it, rattle down the ſhrouds, and ſeize on the cat-harpin-legs, hook the 
uttock ſhrouds, and hitch them, ſeize down the ends, laſh the hanging 

jecr. blocks under the top, with the ſtrops under the ſtays, lead up and lath 

to the maſt-head, get the cap into the top for the head of the top-maſt, and 
laſh the blocks on tor the main-lifts. | 

. How do you get a-top and cap over? 

A. Make fa a girt-line-block, on each fide of the maſt-head, reeve the 
girt-lines and paſs them under the top, and make them faſt to the after- 
part of the top, ſtop them to the bolt-holes in the middle and fore-part 
of the top, then (way away; when high enough, cut the upper ſtops having 

aguy on the after- part of the top-brim, and the top will fall over the maſt- 
head, then lower away, and put it in its birth, haul upon the guy and 
bolt it, lay the cap fieady over the truſſel-trees for the top-m:1ſt-head, 
to receive it; when the top-maſt-head is through it, laſh the cap to the top- 
maſt-head, ſway away the top-maſt till high enough, then place the cap 
on the maſt-head, and drive it down, 

V How do you rig a main-top-maſt ? 

4. 1 will tar the maſt-head, get the croſs-trees over, fix the bolſters and 
parcel them, put over burton-pendants, then the ſhrouds, breaſt-back-ſtay, 
3s wa and ſpring- ſtay, and cap, ſway up the maſt and fid it, ſeize in the 
cad eyes, ſtay the maſt, ſet up the ſhrouds, rattle them down, laſh the 
lock-blocks to the maſt-head. 


: How do you rigg a top-gallant-maſt? 
* 88 Pa A. I will 


— — — — — 
— — — — 
* 


<4 b-- „„ -—- > = 


- — LO 
_ — 
# en — > — — . 
— — » s 


—_— - 


— 


7 — — — ; 


— 
a 


W Shes —_— 2 ˙ . — ita 


* , + 1 * — * © 
— — 2 — | R 


the man-rope, gammon the bowſprir, and ſet bob-ſtays and ſhrouds up. 


* 8 
1 4 
by * 


e 22 
— * — * 2 2 — "OS - + 


300 EXAMINATION OF A 


A. I will ſend down the top- rope, reeve it through the ſheave- hole, 114 
make it faſt round the hounds of the maſt, and ſtanding part of the rope 
leaving enough end to make faſt to the cap, which done, tway away, whey 
the head is through the cap, make faſt the ſpare end or ſtanding part of th, 
top-rope to the cap, cut the ſeizing, clap on the grommet, then the ſhray, 
back-ſtays and ſtay, ſway up the maſt, fid it, and ſet the rigging up, 

2, How do you rig a bowſptit ? 

I will laſh the collar fore-ſtay for the bob-ſtays and bowſprit ſhroug, 
then the collar for the ſpring-ſtays, then the block tor the top-maſt-ſtay, fi 


2, How do you rigg a jib-boom ? 
A, I will put over the traveller, horſes, and guys, the top-gallant ſtay 
block,and lath on the blocks for the the top-gallant-bowline, and jibb-down. 
haul-block to the traveller. | 
2. How do you rigg a lower-yard ? 

A. I will get athwart the gunwale, laſh the jeers, quarter clue-garnets, 
bunt-lines, leach lines and flab-line-blocks, then put over the yard-arny 
the horſes brace-pendants, the yard-tackle-pendants, then the top-ſail ſheet, 
and hft-blocks, reeve the jeers, braces, lifts, and yard-tackle falls, trul 
parcels, ſway the yard up, and haul all taut, 

8. How do you rigg a fore top-ſail yard? 

I will reeve a hawſer for a top- rope, through the bollock block, and 
ſend it down, and having put over the horſes, make the top-rope faſt u 
the middle of the yard, ſtopping it to the yard arm, ſway it up above the 
top, put over the hrace-pendants and lift-blocks, reeve the lifts and braces, 
cut the yard-arm-ſeizing, and croſs the yard, laſh the tye, buni-line and 
clue-line-blocks, reeve the tye and halyards, ſway it up above the cap 
and parcel it, reeve the clue-lines, bunt-lines and reef-tackles, 

2. How do you rigg a top-gallant-yard ? J 

A. I will ſeize the elue- line- blocks on, put the horſes over the yard. am 
ſway it up on the cap, and rigg the yard- arms, by putting on the bract 
pendants and lifts, then croſs the yard and parcel it. 

9, You have loſt your rudder at fea, what method will you take td 
ſteer the ſhip ? ; 

A. 1 will take a large ſpar, or part of a top-maſt, and cut it flat in ii 
form of a ſtern-poſt, bore holes at proper diſtances in that part which» 
to be the fore-part of the preventer, or additional ſtern- poſt, then take 
the thickeſt plank I have on board, and make it as near as I can, into i 
form of a rudder, bore holes at proper diſtances in the fore part of it, 
in the after-part of the preventer ſtern- poſt to correſpond with each oth 
and reeve rope-grammots through thoſe holes in the rudder and after p 
of the ſtern-poſt for the rudder to play upon. 0 

Through the preventer ſtern-poſt reeve guys, and at the fore-pan' 
them fix tackles, and then put the machine over board; when I get En 
proper poſition or in a line with the ſhip's ſtern-poſt, laſh the upper fat 
of the preventer-poſt to the upper part of the ſhip's ſtern- poſt, then b 
tackles at or near the main-chains, and bowſe taut on the guys to con 
it to the lower-part of the preventer ſtern-poſt ;—having holes 
through the preventer and proper ſtern-poſt, I will run an iron bolt thro 
both, taking care not to touch the rudder, which will prevent the 
ſtern-poſt from riſing up or falling down, | 

By the guys on the after-part of the rudder, and tackles fixed to then 
J may ſteer the ſhip. I muſt take care to bowſe taut the tackles on! 
preventer ſtern-poſt to keep it cloſe to the proper ſtern-poſt, = * 
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9, _ flup is leaky, you cannot keep her free by the pumps, what 
il you do! 
"C1 will take a ſpare top-fail or ſome other ſail and ſpread it upon the 
deck, cover it all over with oakum, and bind it to the fail with a needle 
and twine in ſeveral places to keep it faſt to the ſail, then take an hawſer 
and cut it into proper lengths to go under the ſhip's bottom, and come in 
over the gunnel, put theſe hawſers about four feet diſtance under the fail, 
and make them faſt with their middle to the middle of the fails, each leach 
beginning at the head and leaving off at the clues ;—Then put the ſail over 
board, keeping the oakum fide to the ſhip's bottom, and haul up the ends 
of the hawſers on the other ſide by a hauling-hne which I have ſwept the 
ſhip with, numbering each end fore and aft; then eaſe away on the haw. 
ſer's ends on that fide I have put the fail over, and keep hauling at the 
fame time on the hawſer's ends, on the oppolite tide ; when the ſail is 
properly down which is known by marking the hawſer, I will then clap 
on tackles, and bowſe all taut, keeping the fail cloſe to the ſhip's bottom 
the oakum will be drawn in, and ſtop the leak, The fail may be covered 
with horſe dung or any filth I have on board, which will be drawa in 
and ſtop the leak. : 

2, Suppoſe the wind northerly, and you were in a flup's hawſe, in the 
Downs, what would you do ? 
A, I would wait until the ſhip tends to windward, and heave up my 
anchor as ſhe is tending ? | | 
Ws * would you work a ſhip out of the Downs with the wind 
outherly ! 
A, T would ſtand to the Goodwin Sand in 10 or 11 fathoms, it being 
eep too; and to the {hore in 8 fathoms water. 
Is there any danger in going out of the Downs? | 
A. Yes; between Deal and Walmer Caſtles there are ſhoals near the 
ore, not having more than 16 or 17 feet water on them at ſpring rides ; 
6 I draw towards the Foreland, I would ſtand in ſhore to 10 or 9g tathoms, 
und off to the South Sand Head, Upper Deal and Walmer Caſtles in one, 
u lead me clear off; Deal Church being open with Walmer Caſtle about 
lup's length, I muſt ſtand out till I bring the lights in one, then I am 
rar of the South Sand Head; and when the light houſe opens to the 
veſtward of Folkſtone Church with Hay Clifts, it leads me clear. IT muſt 
ke care not to ſhut in the Hope-land, and the South Sand Head will lie 
lf three miles. To fail out of the Downs to the weſtward, and the wind 
8. W. I will begin to unmoor at a quarter flood, weigh at high water, 
6 caſt her in ſhore. But to fail to the eaſtward with the wind weſterly, 
would begin to unmoor at half ebb, take up my beſt bower, and weigh 
t low water, 
& The wind at N. E. in moderate weather you mean ts turn up the 
Vn, at what time of the tide would you weigh ? | 
A. At ſlack water, looſe the fails and u p anchor, 
N What are the marks for running through the Gull Stream ? 
To keep the u pper light-houſe on the South Foreland, in one with the 
eſtermoſt end of the ſouthermoſt clift in Old Staines Bay; which is a 
MP that lies between the two clifts a large half mile to the ſouthward 
ingſdown upon the South Foreland. 
How do you know when you can weather the South Sand-head ? 
4. When Upper Deal Mill is open to the Southward of Walmer Caſtle, 
when the light-houſes are in one, and Folk ſtone Church is open with 
Clift, I am clear, | 2. Suppoſe 
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2. Suppoſe you were coming into the Downs, with the wind at $, . 
| wry hard, which way would you lay your ſhip's head to bring her up? 
A. I would lay the ſhip's head to the caſtwatd, and come to with my 
beſt bower, but if with the ſmall bower, I would heave her head in ſhure, 

2. For what reaſon would you do ſo? 

A. I ſhould then keep the cable clear of the cut-water. 

2, What is the courſe from the South Foreland to Dungeneſs, and whit 
are the dangers ? | 

A. From the South Foreland to Dungeneſs, the courſe is S. W. by N. 
W. diſtance 7 leagues. | f 

The Ripraps lie N. E. and 8. W. about 5j leagues in length, the N. . 
Ends bears from Dover Caſtle S8. S. E. 4 leagues, from Folk ſtone 8. E. hy 
8. Calais ſteeple bears from it 8. E. and Calais Clifts S. S. E, 3 league, 
the 8. W. end bears from Dungeneſs E. S. E. 4 leagues, on the N. E. jar 
there are but 15 or 16 feet low water, on the 8. W. end 4 or 5 fathoms, 
it is ſteep too on both ſides, having 20 and 22 fathoms cloſe to it. To the 
weſtward of Folkſtone, there is a ledge of rocks that runs a large mile of 
the ſhore, I would come no nearer in than 14 fathoms. 
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About 4 miles E. by N. from Dungeneſs, there is a ſhoal with not more ot 
than 12 feet oh it, which I ſhall avoid by keeping in 10 fathoms, D. 
2. Where will you anchor, and in what deph of water under Dungeneßß | 
A. I would anchor with the Neſs Point 8. W. by W. the light-houſe Il, qu 
S. W. athwart Romney Town, in 8, 9, or 10 fathom water. hier 
There is a ſhoal about two miles to the weſtward of the Neſs, with oa bi 
18 feet on it at low ſpring tides the Nets Light bears from it N. E. by E an; 
12 fathoms cloſe to it. 0 
2. What is the courſe from Dungeneſs to Beachy-head and what az mil 
the dangers? dri 
A. W. 2 S. diſtance about nine leagues. | N. 
Off the high land of Fairleigh, there is a ſhoal of rocky ground with 148 La: 
feet on it, and lies pretty cloſe in. In the channel off Dungenels, there 1 1 
24 fathoms and off Beachy-head, from 26 to 3o fathoms, 7 will, in thc exc] 
weather, keep in 15 or 20 fathoms, from the Neſs to Beachy-head, Nhat ber. 
I deepen my water, haul to the nothward, but if I ſhoal it, haul to th Caf 
ſouthward. In 2lear weather I may ſtand in ſhore until Beachy-head ben Poir 
W. by N. and not have leſs than 10 fathoms of water, muſt then rack le } 
avoid Pemſey Shoal, which lies about two miles off the ſhove, with Femleſ 9 
Church bearing N. and Beachy-head W. by S. 14 feet on it pit 
There is a ſhoal with 14 feet on it and lies with Beachy-head W. f) A 

7 or 8 miles, Pemſey church N. N. W. 5 miles, and Fairleigh E. by N fathe 
12 miles; E. by S. 6 miles from Beachy-head is the Horſe of Walling bor 
a {mall ſhoal, having 16 feet on it at low water, _ weat 
2. Being off Beachy-head, at the cloſe of a winter's even, in a ale OW than 
wind at N. E. bound to Spithead, what is the beſt to be done? . ſide, 
A. I would lie to with my ſhip's head to the N. N. W. till mom ing 
then ſhe will drive about a channel courſe at the rate of two Knots an bag N. F 
allowing that what the would loſe in the ebb, ſhe would gain in the flo and r 
and be in a fair way in the morning; I would come no nearer to the we or th 
than 18 or 20 fathoms. | ; Spith 
2. What is the courſe and dangers between Beachy-head and Dunne come 
A. The courſe is W. by N. 2 N. diſtance about 20 leagues. tho, 
The dangers are, the Owers, the mark to go elear off the eaſt part of tie! 9, 


is the white way on Brow Hill in one with Chicheſter Church, a hte 
| 1 


YOUNG SEA OFFICER, 303 


the eaſtward of Pegham Church, and the mark to clear the weſt- end, is St. 
Rook's Hill in one with Chicheſter Church, they bear trom Culver Cliff 
F. 8. E. 4 S. about 4 leagues; there is a floating light on them which has 
been ſhifted ſeveral Times; in going down Channel, if I keep Dunnoſe W. 
N. W. Northerly, will carry me without them, I will come no nearer to 
them in thick weather than 18 or 20 fathoms. 

9. You are coming trom the weſtward and off Dunnoſe, what would you do? 
A, I would ſteer N. E. keeping Sandown Caſtle clear of Culver Cliff 
until St. Helen's Mark, which is a white building, is open of the Red Cliff 
bearing W. by N. then I may run in between Bembridge Ledge and the 
Princefſa Shoal, but with a ſhip of a great draught of water, it is beſt to 
ro without the Princeſſa Shoal until I get the Kickergill on the S. W. part 
of Monkton Fort, and run into Spithead between the Buoy of the Dean 

and the Buoy of the Warner, | | 

N. B. In going for Spithead from the eaſtward, there are 5 black buoys ly- 
ing on the Dean and Horſe, they muſt all be left on the ſtarboard fide, the 
outer one is called the Eaſt Buoy of Dean, it lies in 27 feet water, the marks 
for it are, the flagſtaff of Portſmouth platform, a little open to the weſtward 
of a round ſentry-box of South Sea Caſtle, bearing N. by W. 4 W. with 
Dunnoſe open of Culver Cliff. . 

From the outer buoy to the next, is W. N. W. about one mile and a 
quarter, it lies in 6 fathom ; the third, formerly the firſt buoy of the Dean, 
lies in 4 fathom 3 the buoy of the Warner bears weſt ſoutherly from this 
buoy about 1 4 mile, from the third to the fourth, or elbow buoy, is S. E. 
and N. W.; it lies in three fathoms. 

The Buoy of the Horſe bears from the third buoy N. N. W. about 15 
mile, and hes in 34 fathom; from this laſt buoy to the firit buoy of Stur- 
bridge, is W. 4 N. the Royal George lies in 13 fathoms, 3; of a mile to the 
N. W. of the Edgar, the buoy of the Royal George, that of Norman's 
Land, and the Kickergill he all in a line. 

The two buoys of the Princeſſa Shoal, lie N. E. by N. and 8. W. by S. of 
each other, diſtance about a mile; they lie each in five fathoms with 44 
between them, the marks for the inner buoy, which is white, are Sandown 
Caſtle one with Culver white Cliff, and Nettleſtone point on Bembridge 
Point, the buoy of Bembridge Ledge is black, and the Nob buoy is red, they 
be E. N. E. and W. S. W. of each other, with Dunnoſe open of Culver Cliffs. 

2, Suppoſe you were to the northward of Bembridge Point, bound to 
Ptthead, and the buoys were all gone, what would you do? 

4. I would bring St. Helen's Church to bear W. and keep in twelve 
futhoms, and ſteer N. by W. towards the Dean, keeping Aſhdown mark 
adore the trees, will lead me into Spithead abreaſt of Ride; if it is thick 
weather and the wind ſoutherly, I will come no nearer to Bembridge Ledge 
than fix fathoms, and ſteer N. W. by N. but if the wind is on the other 
de, I would come no nearer the Dean and Horſe than 10 fathoms ; obſerv- 
ng the courſe and tides, I will anchor at Spithead with ſouth Sea Caſtle 
N. E. by E. and the Kicker Point N. W. in 14 fathoms. Eaſt-India-men 
and merchant ſhips generally anchor on the Mother Bank to the weſtward 

the Sturbridge buoy in 10 or 15 fathom; if I am obliged to turn into 

pithead, I may turn the Kickergill on each fide of Fort Monkton, and 

{me no nearer the Warner than 12 fathoms, nor to the Dean than q or 10 

uhoms, nor to Noman's Land than 16 or 18 fathoms being cloſe to it. 
How do you come to an anchor at St. Helen's ? 

. 4. I would keep Sandown Caſtle juſt open of Culver Cliffs, and bring 

" Helen's Church a ſail's breadth open of the Red Cliffs of Bembridge 

daun, and anchor in 8 or 9 fathom), 
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2. 1 you were moored at Spithead with a cable and ay halfen 
the. beſt bower, and one on the ſmall bower, you have orders to fail at 
what time of the tide would you unmoor, and which anchor would you 
take up firſt ? | 

A. I would begin to unmoor at the firſt of the flood, and take up ny 
ſmall bower firſt, | 

2, In failing within the Iſle of White and through the Needles whit 
are your obſervations ? 

4. To keep clear of the Weſt Middle, I would keep South Sea Caftle x 
ſail's breadth open of the Kicker Point until I open Weſt Cowes Caſtle 
then ſteer directly for Hurſt Caſtle, and when abreaſt of it, borrow Pretty 
near it, then ſteer for the Needles Point; the leading mark through the 
Needles is the Light-houſe in one with Hurſt Caſtle, bearing N. E. by 
E. 3 E. I muſt be careful to keep the Vancs of the Windmill which ſtands 
on the Iſland in fight, to keep me clear of Wardings Ledge ; great regarl 
muſt be had to the tides, for the flood ſets on the Needles and the abt on 
the Shingles with great velocity. N. B. To the northward of the Wet 
Middle lies the Bramble; the Bramble and Weſt Middle have each two buoys 
on them, if I fail to the northward of the Weſt Middle I muſt fail between 
it and the Bramble, leaving the Bramble on the ſtarboard fide ; when! 
come to Weſt Cowes Caſtle, I muſt give it a good birth, as there is a 
ledge of rocks that lie off it: Warding Rock lies on the Ifland Side with 
a buoy on it, when I come near the Needles, muſt give them a good birth 
to avoid the Chalk Rock *. 

2. What 5 ee courſe from Dunnoſe to Portland? 
A. W. by N. 16 leagucs. 

9, If your are forced into Portland, what precautions are neceſſary 

A. I muſt take care of the Shambles, they bear from Portland Lights 
which lie north and ſouth of each other; N. W. by W. 4 miles with only 
14 feet on them at low water; to fail into the Road from the weſtward, 
I muſt keep cloſe to the Bill, and keep my lead going; when I am round 
the Eaſt Point, haul up and anchor againſt the Pier, in g or 10 fathoms, witl 
the Bill bearing S. 8. E. Portland Caſtle S. 8. W. and Weymouth Cale 
N. W. Ia ſailing out of Portland Road, Imuſt keep Week Church open ofthe 
Stone Pier, and that will carry me clear tothe eaſtward of the Shambles. 

It flows hard from the Road to the Bill E. S. E. 7 J hours, and the flood 
ſets right of the Bill g hours. | 

N. 3 In caſe I ſhould be embayed to the weſtward of Portland, and "0 
poſſibility of getting out, between Burton and Chiſwell, were it ebbs ꝙ bout 
and flows only 3 hours, there is a ſteep beach of pebbles, I would there n 
my thip on ſhore with as much fail as I could carry, eſpecially at the begin 
ning ot an ebb, and remain on board for three or four ſeas, when I may ge 
on ſhore with ſafety. | | 

9, What is the courſe from Portland to Torbay, and how do j® 
anchor there ? | 

A. The courſe is W. N. W. and diſtance about 14 leagues; to anchot 
in the bay, I would bring the Berry head to bear S. by E. or 8. 8. E. 
Brixham Church on with the Pier Head ; the beſt anchoring for fmall 
is 74 miles from Brixham Pier Head, in 7 fathoms. 

2. What is your courſe from the Berry Head to the Start? 

A. S. W. about'6 leagues, 

2. Is there any danger near the Start? | 
-+, For x more paiticular account, ſee the Direction; publiſhed by John Hamilton Moor 
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J. Yes, about 2 miles to the eaſtward of the Start, there is a fhoal with 
yot more than 3 fathom on it, the Bolt Head being kept open of the Start 
Point will carry me clear of it. | 
2, What is your courſe from the Start to the Eddy ſtone ? 
A. W. 2 S. 7 leagues, 
9, What is your courſe from the Start to the Ramhead ? 
A, W. N. W. 7 leagues, 
9, What is to be obſerved in failing into Plymouth Sound? | 
A, If coming from the weſtward, and am got round the Ramhead, I muſt 
gire Penlee Point a good birth, by reaſon of a ledge of rocks that lies off fryin 
it, then haul N. N E. LE, for anchoring ; the leading mark in, is Plymouth 
Church, open with the weſt part of the Citadel. It 
In going into the ſound I may anchor in Cauſand Bay, in 20 fathoms, with 
Penlee Point S. W. and the town of Cauſand W. N. W. 
The leading mark to carry me in between the Knap and Shovel, is Ply- 
mouth old Church, on with a white patch on the Hoa, 
I may go into the Sound on the eaſt ſide, between the Tinker and Shag- 
ſtone, by keeping Mount Batton a ſail's breadth open of Staden Point, and 
keep in that Jiredtion until Makers Church bears N. W. and Withy Edge 
opens, then haul over to the eaſtward and anchor, 
- 2, How do you fail into Hamoaze ? 
A, I would, keep Kingſand open of Redding Point, until the large Houſe 
at Stoke touches the Eaſt Side of Mill Bay; ſteer in until the Obliſk comes 
on with Blockhouſe Point; keep in that direction, till the eaſtermoſt Summer 
Houſe on Mount Edgecombe Side, comes open with the Point within which 
it ſtands; then ſteer for it, until the eaſt point of Mount Wiſe comes op:'n 
with Block-houſe Point: then ſteer mid-channel tor Stone-houſe Pool, till 
Drake's Iſland, is ſhut within Block-houſe Point: I muſt not open it till 
South Down comes open with the Obeliſk, then ſteer up the harbour with 
the fide of Drake's Iſland, juſt touching Paſſage Point, which will lead me 
to the ſouthward of the Harbour Shoal, on the outer part of which, there is 
a rock, with only 16 feet on it, but on any other part, there is 33 fathoms. 
NMB. The marks to know the Sound when I am coming from ſea in the da 
ume, are, Ram Church, which ſtands to the north-ward of the Ram-head, 
and ** tower ſtanding on the higheſt part of the land. 
D You are bound into Falmouth, how would you proceed? 
A. In going into Falmouth there is a rock, called the Block Rock, with a 
pole on it, and ſhews itſelf at half tide ; it hes neareſt to the weſt ſhore ; I 
may fail in on either fide of it, but the caſt fide is the beſt, If I would ſail 
into Carrick Road, I muſt keep in the fair way, and my lead going, as there 
da nurow deep channel all the way, of 16 or 18 fathom, I may borrow on 
St. Maw's fide in 5 or 6 fathom. The beſt anchoring in Carrick Road, 1s 
dt. Maw's Caſtle, E. 8. E. and lay my caſtermoit anchor in 16 or 18 tathoms, 
* my weſtermoſt anchor in 4 or 5 fathoms. Juſt paſt St. Maw's there is a 
land that is ſteep to, called St. Maw's Sand, and lies almoſt hal channel over. 
% B. Great ſhips anchor, with Manacle Point, on with the Þ: inc 
amouth, or a great houſe, that is to the weſtward of Penryn, juſt open 
refulis Point in £8 fathom. —The Manacles lie from Falmouth about S. S. K. 
ow do you know the Lizard when you firſt make it? | 
4. It is the ſouthermoſt land on the coaſt, and may be ſeen 7 or $ leagues 
von, in 42 fathoms. | 
% How does the Lands End a pear when you make it ? 
It appears in hummocks with a church on it, and may be ſeen 7 or 8 


leagues olf, in 54 fathoms. 
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What are the dangers off the Land's End'? 

A. Many :— 1ſt, The Runnel-ſtone lies about r 4 mile 8. 8. W. fro 
Toll-peden-penwith. 

2d, N. E. by N. from the Runnel-ſtone, there is a rock, called the Lean. 
mean, which appears at half ebb, with a paſſage between it and the main 
ſeldom uled by any but coaſters. 

za, The Wolt Rock, bears from the Land's End S. W. by W. diſtance 
leagues ; it is ſmall and may be ſcen at halt ride ; thelargeft of the Braze 
Rocks, kept open of the outermoſt of the Long Ships (on 4vhich there i; g 
lizht-houſe erefted) will lead me clear to the weſtward of the Woll. 

4th, The Long Ships lie N. W. by N. about 4 miles from the 8. W. point 


of the Land's End, and 1 mile W. N. W. from the weſtermoſt point, they d 
are high, and . be ſeen 4 or 5 leagues off, | 
zth, The Kettle Bottom, is a thoal with only 6 feet on it, and lies about l 
half way between the nethermoſt part of the Long Ships, and the weſt point 0 
of the Land's End. it 
6th, The Breſam Roeks lie about 3 miles N. E. by N. from the LongShips, t 
7th, The Seven Stones are a row of rocks that come not above water, but v 
the ſea always break over them; they he from the Land's End W. S. W. 28, fi 
diſt. 7 leagues ; and from St. Martin's Head, Scilly, N. N. E. diſt. 4 league, t 
©, It you are forced into Mount's Bay, where would be the Hel an. fl 
choring ground? | fc 
A. Mount's Bay lies between the Lizard and the Land's End; there inn tl 
high Ifland on the eaſt fide, and a Caſtle on the weſt ſide of it, called of, I 
Michael's Mount; from the eaſt ſide of it lies a ledge of rocks, near a league m 
into the ſea: the Coaſt is full of rocks, and not ſafe to anchor in. To ſal p 
into the bay I muſt bring St. Paul's ſteeple W. and keep over to the wet ti 
ſhoreg and make St. Clement's Iſland, which is before the town of Mouſe 0 
hole, having the caſtle on the ſtarboard fide ; I ſhall then ſee à large ſandy by 
bay, and, when within the Ifland, there is a good anchoring in 5 or 8 fade. b 
oms land-locked from all winds but a 8. E. wind. th 
L. If you are bound, or forced to go into Scilly, what would you do! 01 
A. I would ſteer for St. Mary's Sound, and run in for the ſouthermol ef 
point of St. Mary's Iſtand, called Penninis Point, minding to keep the lead W 
oing, and approach no nearer than 5 fathoms water; about N. W. a 
2 Point, a little more than half a mile, is the Woolpack, the ſhoal le tr 
near to the ſhore ; I muſt continue to run in 5 or 6 fathoms, keeping pre N 
cloſe to St. Mary's Ifland to avoid the Spaniſh Lodge, which lies about hai ſa 
a mile W. by S8. from Penninis Point; ſome part of this ſhoal may be fer 01 
at low water, and part of the Woolpack ſhows itſelf before low water B 
when I have got abreaſt of the Woolpack, to which I muſt give a good birth of 
about a cable's length, and ſteer for the Stevel Rock, which is bold u. to 
when I am abreaſt of the Stevel, muſt ſteer N. W. by W. until Little C ta 
Iſland comes on with Bantſcarren Point; then ſteer N. N. E. until Cw la 
Iſland comes open a ſhip's length of Bantfcarren Point, or bring the cali $1 
which is on St. Mary's Iſland to bear S. S. E. and anchor in 6 or 5 fathow Þ 
water, | 
N. B The foregoing Queſtions and Anſiuert have been examined by ſeveral experienced No " Ip 
Officers, who only diſagree in ſome particulars reſpecting the working of a ſhip at ſea, wt 4 
indeed, who pretended to great Nautical Knowledge, cell do little more than qu ; B. 
and carp at parti they ſeemed unable to a mend. AI ds not take upon myſelf to determine 5 4 4 


them was right, it is raped, every judicious mariner qvill excuſe any errors he may find int ot 
<whict is principally intended to fix the attention, and facilitate the ſpeedy improvement e ) 
ractitioners in {[eaman/hip, 


REMARKS 


CALCULATED TO ASSIST 


COMMANDERS 


WHEN COMING INTO 


THE BRITISH CHANNEL. 


— — — — — 
— — . * 


8 Mariners know that their reckonings are always uncertain, in pro- 
portion to the length of their ſeveral paſſages from the times of their 
laſt departures, it is natural to ſuppoſe, that they muſt, When approach- 
ing ta any difficult and dangerous Po rv experience great anxicty 
of mind for the iſſue, As the Bririſh Channel has proved fatal to many, 
it may fairly be ranked among thoſe places which are deemed dangerous 
to ſhips, in their approach after long paſſages ; and, therefore, all thoſe 
who are entruſted with the conducting of ſhips thro? it, ought to acquire 
ſuch knowledge as may enable them to perform the duties of their impor- 
tant office, Channel coaſters, by the frequency of their paſſing and repaſ- 
ling through it, acquire ſuch knowledge as thoſe who are employed in 
foreign voyages cannot pretend to: hence it becomes neceſſary to furniſh 
the latter with ſome uſeful information ; more eſpecially, as it is next to 
impoſſible for the human mind, when engaged in various purſuits, to re- 
member every neceſſary article, ſuch as the courſe and diſtance from one 
place to another, the preciſe fituation of rocks and ſhoals, and the direc- 
tion and ſtrength of the tide in the various places. Commanders of ſhips, 
when coming from abroad, and about to enter the Britiſh Channel, muſt 
be exceedingly anxious to accoropliſh the ultimate deſign of their voyage, 
by bringing their reſpective ſhips ſafely in to port. To the affiſtanceof ſuch, 
the following obſervations are Intended to eontribute: they are founded 
on experience, and will, if properly obſerved, prove highly ſerviceable ; 
eſpecially when long nights, or thick weather, augment thoſe dangers 
which attend the Channel navigation. 
Ships, in approaching the Channel from a long paſſage, ſhonld not only 
try for ſoundings in time, but run, if poſſible, in the latitude of 4925 
North, Having, in that parallel, got ſoundings in 82 fathoms, fine white 
fand with black and yellow ſpecks, you may be ſure that you are near the 
outer edge of the bank; and about go leagues to the weſtward of Scilly. 
y running 16 or 17 leagues further to the eaſtward, in the ſame parallel 
latitude, you will have go fathoms, fine white ſand; and continuing 
to run 4 leagues more to the eaſtward, you will ſhoalen your water to 82 
tathoms. Soon afterwards, you will have 72 and 75 fathoms, fine white 
land with ſometimes a mixture of green ; and in proceeding 16 or 17 lea- 
gues further to the eaſtward, in this latitude, you will have 72, 75, 77» 
— 70 fathoms. The ſoundings will be, for the moſt part, fine ſand, but 
3 in colour: ſome of them will be white ſand, mixed with yellow 
pecks and others fine green ſand, with ſome mud. In the latitude of 
* 23 North, and 61 leagues to the weſtward of Uſhant, lies the Sole 
auk. It ſtretches about 8. 8. E. and N. N. W. 12 leagues in length and 
un breadth; and has 64 fathoms on it, fine grey ſand. 3 
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The following are the Soundings in the Parallels of 48* 20“, 4 
30, with their ſeveral Depth of Mater and Diſtances from ty 


and of USHANT. 
Diſt. from Depthin 


| 
| 
| 
| 
| 
} 


LUTTYES ee ide SOUNDINGS, Fathoms, 
Leagues, | N 
52 — | Fine grey ſand, mixed with black, — -- [|= 92 
Fine grey ſand, mixed with ſmall ſhells and | 
EPO broken bits TE” — 10h n 


46 — | Grey ſand mixed with bits of brown ſhells — 8 


— 0 
Grey ſand mixed with bits of y 
43 — ang xed , h | 8 Wia e 91 Y 
40 — | Grey ſand, mixed with bits of ſhells and gravel — 11} el 
37 — ] Grey ſand, mixed with ſhells and gravel - |= wo th 
35 — | Grey ſand, mixed with ſmall cornet ſhells -. Jo al 
32 — | Sand mixed with gravel, ſhells, and ſmall cornets | — 206 
29 — | Whitiſh grey ſand and flat ſtones '.. 6 the 
24 — | Light grey ſand, with bits of ſhells — fe 100 an 
21 — | Coarſe ſand, mh bits of park's belle | F Ff — 95 jc 
Light grey ſand, with bits of brown and yel- 
| e - lows ſhells, and ſmall ſtones  =« a | — 9 the 
15 — | Light grey ſand, mixed with barley-beards | — 8 hay 
14 — Whitith grey ſand, bits of ſhells and fine cornets | — 80 Th 


+ Wa LEW grey ſand, mixed with barley vearys 


and ſmall ſhells - - 


| 


— 
— > 


9 — | Fine grey ſand, with bits of ſhells - - — wa 
8 Grey ſand, ſpotted with red, and mixed with 5 ac] 
3 bits of ſhells tk . - 15 WW 4 
6 — itiſh coarſe ſhining ſand, with fine ſhells +» | — 50 7 
Whitiſh coarſe ſhining ſand, mixed with bar-] [ 6 1 

3 ley beards and coral > | ; W r 


2 — | Whitiſh coarſe ſud '- ' >» »I 6 


When running for the channel in latitude 4992 5, which is the bt 
latitude, and you have run ſo far to the eaſtward as to ſhoalen your wat 
to 65 or 67 fathoms, and the ſoundings are ſhells and ſmall yellow ſtons 
or red ſand, you may thence conclude that you are abreaſt of Scilly ; orf 
you have 68 fathoms, white ſand with grey. ſpecks, and ſometimes {lil 
and ſtones, Scilly will then bear about N. E. from you, diſtance 10 leagues 
Your ſoundings will always inform you whether you are to the nortbwat 
or ſouthward of Scilly. In the latitude of Scilly you will have cat 
ground, in 60, 65, 75, or 80 fathoms. W. N. W. 10 leagues from Scll) 
lies Jones's Bank, on which you will have but 30, 35, and 40 fathom 
and, a little to the ſouthward of it, you will have 72 and 75 fathoms. * 
running for the channel, in the latitude of 49% 30“, you will have the 

| lowing depths of water and ſoundings, when you are abreaſt Scilly ; nam 
PL 60 fathoms, oaze and broken ſhells; 64 1 white ſand with g# 


pecks ; 65 fathoms, ſhells and ſtones ; and 55 fathoms, fine grey 2 * 
bundiat 
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hundings near Scilly, are very different from all others in this latitude: 
pieces of rotten rock as broad as a ſmall bean, and of a ſtone c 


olour, will 
if come up with the lead, which will not be the caſe any where elſe in the 
h fame parallel. More to the ſouthward you will have deep water, with fine 


fand, interſperſed with black ſpecks like ground pepper. In the night, or in 
foggy weather, you ſhould come no nearer Scilly than 60 fathoms ; for, in 
in that depth, you will not be more than 6 or 7 leagues from it. Abreaſt of 
. Scilly, in the latitude of 40 200, you will have 70 fathoms, branny or yel- 
low and white ſand; and to the eaſtward of Scilly, in the latitude of 49® 87, 
you will have 56 or 58 fathoms, courſe ſand, You ſhould then ſteer more 
to the northward, and endeavour to make the land about the Lizard; you 
0 may fately make it in the night, as well as in the day, if the weather be 
clear: for the Light-Houſes ſtand ſo high, and the Coal is ſo clear, thar 
x you may, without danger, come within half a mile of the point. If the 
3 weather prove ſo thick that you cannot ſafely make the land, come no near- 
7 er to the Lizard than 45 fathoms ; for, in that depth you will not be more 


than three leagues off the point : your ſoundings there will be pebble ſtones 
x and fcallop ſhells, 


; Ships, when coming into the channel, ought always, if poſſible, to make 
0 the land about the Lizard: becauſe it is the propereſt place for a land-fall : 
2 and ſhould they afterwards meet with thick weather, which frequently hap- 


q pens, they will not only know how to ſteer, but alſo how they advance up 
9 the channel, which will become more and more neceſſary in proportion to 
9⁰ the contraction of its boundaries. Some, by neglecting this precaution, 
q ave, contrary to their expectation, got on the ſouth fide of the channel. 
5 This error is greatly owing to the ſtrong indraught between the iſlands of 
Guernſey and Jerſey, and the coaſt of Britanny, which ought always to be 
19 guarded againſt, eſpecially in thick weather. It frequently happens that 
ſhips, coming into the channel, have not had an obſervation for ſome days 
75 baek, which, together with the operation of ſcant and contrary winds, 
5nd the ſetting of the tides, tend to perplex and bewilder the moſt ex 
10 nenced mariner, when thick weather prevents him from getting a fight of 


the land. The variation of the compaſs in the entrance of the channel, 
bs WY taken on board of his Majeſty's ſhip Eu rope, in October, 1782, was 23914 
by - but as the variation is continually increaſing, at the rate of about 


degree in every 5 years and a half, it will be neceſſary to add 11 minutes 


werery year, ſubſequent to the year 1782, which will give you the 
"avon at any time pretty exact. 
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5 4. fog. Wo. +6 4. 2 7975.5 34-9] 391234. 4 16 81 300294. 
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1. 0090. 2 as 59-4114. 8] 121/117. 4[29. 4} 1811175. 64.0 241(233-6 38.6 
912%. 51 662 69.115. 22/118, 3029. 6 8: 176. 5144-2 421234. 7158.8! 
902. 7 63 4415.3] 23/119. 3129.9] 877. 5044. 5 4312 35- 7459-0! 
9121. % 64 2. 5.6 24/120 3030. 1 8; 175. 544.7] 441236: 7159. 3 
91012 4 63 14. 2531121. 3139.4] 85/79. 5145.0j 43237. 759.5 
8%. 5] 66}! 64.016. of 20022. 0. 6 86 10. 4045. 2 4623. 6059. 8 
8101. 7 67, 65 0 16.3 27123. 239. 9 87/187. 445.4 471239. 6150. © 
Slot. gf 65; 66. 16. 51 28{124.2[;1.1] 85 182. 4145-7 48/249. 6160. 3 
7192. 2 60 69.916. 8 29123 1131.3] ®%g[i653. 345.9 4941. $6109, 5 

« 712-4] 79 67.97. 0 30ʃ126. 131.66 97/184. 346.2] 50/242. 060.7 
| 9104-71-26 6.9 7. t31{127.1| $1.8] 191 185. 3/46. 4 2510243. 5101.0, 
. 6102.9 2] Og. 817. 5 312 U. $2.1] 92/186. 2146. 7 521244. 4101.2 | 
693-4 73) 79-$/17.7] 53129032. 3] 9/7. 24.9 53/245. 461.5 
603. 2J 74! 71. 8118.0 37130 0132.0 94/88. 247.1 54/246. 4 51.7 
6193.6] 75 12.8 8.2] 35/131. 0 32. 8 951189. 247. 44 550247. 4162.0 
303.9 70 73-7/18.5 361131 933.0] 9G119o. 1147. GE 561248. 3162. 2 
5 77] 74: 7115-7] 37/132-9133- 3] 971191 1147.9] 5749. 3102.5 
504. 4] 75{ 75-7119.0 3904133. 33-5] 961192. 1048.1 58 230.1 3192-7 
- 4124. 6] 79, 7.669. 2] 39/134.8|z33.8] 99 193. 0148.4] 5251.22. 9 
. 4194. of 80 77. 69. 4) 4791135. $ 34: of] 2021194. o[48. Gf 9252. 2 63.2 
«4195-1] $81} 78.6119. 7 141136. 94. 3] 201/195. 0148. 8 200½2353.2 63.4 
355.3] $2] 79- 5119.9] 42 137.734. 51 92/9599 1 62 254. 163.7 
35. $3] 0. 520. 2] 43/138. 734. 7 031196. 9/9. 63255. 63.9 
3 547/87, 5/20. 44 441139. 50 04{197-9/49.6] 64256. 1 64. 2 
«3196.1 85) 82. 520. 7 e217 922.7 35.2 G5 196 9149. 8 55237. 164. 4 
206. 3] $6] 3. 420.9 46 141. 6135.5 066199. $150. 1] 65258. 0 64.6 
206. 6] 87] 64. 421.1] 47/142. 6035. 7] 071200. 850. 3 7 259. 0104. 9 
206. 8] 88 83.421. 48143 6536.0 O20. 50. 5 8/260. 065.1 
„7. 0] 89 36. 3121.6] 49/144. 3 /. 2] 09202. 7 30. 8 69 260.965. 4 
27-3 2% 87. 321.9] 50/45. 5 36. 5] 19/203. 751. 0 7061.9 65. 6 
0. 1197.5] gi] 88. 322.1 15/746. 5136. 7 2110204. 7151. 3 71/162.9(65.9 
. 0107. 8 92 89. 222.4] $21147.4{36.9 121205. 6151.5 72/263. 8:66. 1 
- 0195, of 93 90. 222.66 5331148. 437. 2 13 te 73264. 866. 3 
oſog. 3] 94] 91.222. 8 54/140. 437.4 14.207. 652.0 7425.66. 6 
- 6128, 51 95 92.223. 1 147.45. 15/208. 6 + 751266. 66. 8 
9. 7] 96 93. 123. 3] 560151. 337-9} 16289. 5352 51 760267. 767.1 
909. o] 97 94123. 6 71182. 313%. 2] 17210. 552.7 77 268. 7 67. 3 
9129.2] 98 95.123. 88 58/153. 338. 44 18211. 553. [ 781269. 7 67. 6 
89. 51 99 96. 0024. 1] 59 154. 2/38. 6 19 212.453. 2 79/270, 6%. 8 
38 8109. 7 1 97-0124. 3] G60 155.238. 9 20/213. 4|53.5 $24271.6 65.0 
39. K 10. 0 101 9.0024. 5] 161/156. 2 39.1 221214.451˙7 2810272. 6.68. 3 
7110.2] 02 98. 924. 8 62157. 139. 4} 221215. 353.9] 820273. 5 68.5 
7110.4] oz} 99 9/25. & 630158. 139.6] 23216. 3154-2 831274. 5,68. 8 
7.10. 7 04/196 9125-3 64/139. 139.9] 24/217. 354.4] 84275. 5,69.0 
7. 9] 53 101.925. 5] 651160, 1140. 1 25 218. 354.7 85276. 5 69. 3 
6111.2 06102. 8/25.8] 6 161. 0/49. 3 26/219. 2154.9 86 277.4 69. 5 
%. 4} 07/103. ${26. of 67 162. 0 40. 6] 27 220. 2 55. 2] 87 278. 4469. 7 
61. 7 0104. 8 26.2] 6/163. 0 40. 80 28221254 8279. 4 70. o 
9 09,105. 726. 5] 69163. 94. 29222. 1055.60 89/280. 3 70. 2 
eee gf _ 991281. 3/70. $ 
8 (2, 4] 111 107. 7 27 0 1710165. 941. 60 231224. 156. 2911282. 3 70.7 
412.61 12 108. 6/27 2 72166. 8141.8 32225. 0 56.4 92 283.2 71.0 
312.9 13/109. 6{27.5] 73167. 8042. 0 33 226.0 36.6] 93/254.2 71.2 
4463.1] 14/110. 6125. 5 74 168. 8042. 34 34227. 0156.90 94'285.2'71.4 
413.4] 15 111.627. 9 75 169. 8042. 5] 35 228. 057. 1 951286. 271.7 
3113-6] 16/112. 58. 2] 76170. 7042. 88 36.228.957. 3} 96287. 171.9 

4 3-9] 17/113. 528.44 77/171.743. 0 37229. 9157.6] 97 288. 172.2 
4. in. 4 781172.7 43-3 35/230 9157-5 981259. 1 8% oy 
24.3 191115. 4128.9 79173. 6043.5 39 31-* 38.1] 99290. 0172 7 
— 4.6 120116. 429. 2 8174.004372]. 4232. $138. 3] 3001291. 0172.9 
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Tarr II. Difference of Latitude and Departure for 11 Point. 
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TABLE II. Difference of Latitude and Departure for 14 Point. 
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TBN II. Difference of Latitude and Departure for 12 Point. 
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Tit Lat. Dep Dilt Lat. Dep Diſt| Lat. DepDiſt Lat. DepDiſt] Lat. 
1 8 9199. 3 "61 57. 4120. 5] 121]113. 9/40. 84 181/170. 461. 0 241/226. 9 
2 01. 9199+ 7 62 58. 420.9] 22114 9/411] 82171. 461. 3] 420227. 8 
02. 801. o 63 59. 3121.2] 23/115. 8041.44 83172. 3061.61 43228. 8 
; 03. $191. 3] 04 60. 321.66 24/116. 741. 8] 84/173. 2/62.0] 44229. 7 
B- 04. 7191-7] 65 Gi.2]21.9] 250117. 742. 1] 85/174. 262. 3] 451230. 7 
| i 05. 602. 660 62. 1022. 2] 26/118. 6042.44 86175. 162. 6 46% 31.6 
| 06. 602. 44 O07] 63. 1022. 6 7119. 6142. 8] 87/76. 163. of 47 232. 5 
| . 07. 5192.7] 68| 64. 022.9] 28/120. 5/43.1] 880177. 0063. 3] 48[233.5 
| o8. 503. of 69 65. 0023.2] 29/121. 5143-4] $9[177.9/63.7] 491234- 4 83.9 
| L, 09. 4193-4] 7 65. 9123.6] 300122. 4143-5] 90 178. 9164. © 50235. 4 84.2 
wr! 10: 4103-7 71] 66. 8023.9 131|123. 3/44- I} 191/179. 8/64. 3] 251236. 3 . 
12] 11. 304. 0 72 67. 8024.2] 32 124. 3/44: 5] 92 150. 8164.7] $21237. 3] 84.9 
131 12. 204. 44 73 68. 724. 6 3[125- 2144 8 93/181. 7|65.of 531238. 2] 85.2 
14) 13. 2/947] 74 69. 724.9 341126. 2/45-1] 94182. 665. 3] 54/239. 10 85. 5 
1 14.105, 10 73 70. 625. 31 351127. 1145-5] 95 183. 60665. 7 $5[240. [ 85. 
10 15. 105. 44 76] 71. 6025. 66 36/128. 0 45. 88 960184. 566. [ 56/241. o 86.2, 
17 10. 005. 7] 77] 72. 5125.9] 37 129. 0140. if 971185. 5166. 3 57242. 3 
16 17. 0/06. 11 78] 73.4026. 38 129. 9/46. 5 98,186. 4 7 58 242.9 "8+ 
19 17.9196. 44 79 74+ 4/26. 3911 30. 9146. 8 99/187. 467. 0 59 * 2 
20 18. $106. 7] 80 75. 326.9 49/131. 8/47.2] 200188. 3167. 4 01244. 8] 87. | 
21 19. 8 0% 1] 81] 76. 3027. 3] 1411132. 8147-5] 2010189. 267. 7] 2610245. 7] $7.9 
— — og 82 eg. 221 42 7 * 747.8 02190. 2/68. of 621246. 7] 88. 2 
23] 21.70. 7] 83] 78. 1028.0 43/134. 6145.2] 03191. 1068. 44 63/247. 60 88.6 
24 22.608. 1] 84] 79. 128. 3] 44 133.6075. 5] 04192. 168. 7 64 248. 6] 88. 9 
25 23. 5 08. 44 35] So. oſ28. 66 451136. ] pong 051193. 0169. of 65 249. 5] 89. 2 
26] 24. 5 08. 8] 86] S1. oſz9. 0] 46137. 5 49. 2] 06/194. 069. 44 662 50. 4| 89.6| 
27] 25. 4009. 1 $87] 81.929. 31 47 138.449. 5 07194. 969. 7] 67/251. 4] 89. 9 
28] 26. 4/09. 44 88 82. 8029. 6] 48/139. 349. 8] 08195. 8070. 1] 680252. 3| go. 3 
19 27. 3/09. 88 89 83. 8 30. o 49/140. 3 50. 2] 09196. 870. 44 69253. 30 90. 6 
30 28. 2 10. 1]. 90 84. 730. 3] 50/141. 2 50. 5 100197. 7 70.7] 29%254. 2 90.9 
= 29. 2110.4] 91 85. 730. 6] 151/142. 250.9 211[198.7|71.1] 271/255. 1 91-3 
4 30. 110. 8 2} 86.6|31.o 520143. 151.2] 120199. 671. 44 72256. 1] 91.6 
33! 31.111. 1] 93 87. 6031. 31 53/144. 0051. 51 13/200. 571.7] 73 357-0 91.9 
34 32.0011. 5] 94 88. 5031.7] $4}145. 0151.9] 14|20145|72.1] 74 *. 92-3 
35 33.011. 8 95 89. 432. o $51145-9152-21 151202, 472. 4 " 250.91 92. 
36 33-9}12.1] 96] go. 4132.3] 56/146. 9152.5] 16[203. 4172.7] 7 259 9 93. o 
37] 34. 8012. 51 97 91. 3032.7] 57/147. 8152.9] 17/204. 3173-1] 77/260. 80 93.3 
18 35. 812.8 8 92. .of 58/148. 853.2] 180205. 273. 4]J 780261. 7 93.6 
pl 36 1 6 06 $ 262 0 
39, 36.713. 99] 93-2133- 3] 591149- 7153 191200. 2073. 79 _ 7 94- 
49] 37-7113 5] loo 94.2[33-7] 601150. 653.9] 201207. 174. 1 1 5 24.3 
41] 38. 6013. 8] 101 134. o] 161151. 6054. 2 2211208. 1174. 4| 2810264. 6| 94. 
42 8 5 02 * 2 62 1. 2. 5 54. 6] 220209. 0074. 88 820265. 5 95. o 
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Tanrr II. Difference of Latitude and Departure for 2 Points, 


Hint Lat. Dep[Diſt Lat. Dep|Diſt| Lat. DepſDiſt Lat. De Dig Las. in > 
— — — — — DepfDiſt Lat. Pep Diſt Lat. Def 
| 1| 00.9/00. 4 610 56.4 23-3} 121 111. $146. 3} 1811167. 2 CA Il I 
2 01.8,00.8 2| $7. 323-7] 22/1127 46.7 82168. 69. 7 AN 6 15 
3 02. 8 01.1 631 58. 2 24-1} 23 113. 6]47-1] 83.669. 1.70.0 P 1 
41 03.7%. 5 64 39. 1 24.5] 241114. 0147-5 $417. 0,79. 4 1 73.0 
54.6%. 9 65 60.1 24-90 25|115- 5447 8\ 85170. 970.8 471758 93-41 
61 05. 5 02. 3] 66| 61.0 25+ 3 26 116.4482 86 171.971. 2 6 „1 
7| 06. 502.7 67 61.9 25-0] 2 | 148. 6 -172 ' E 94.1 
_— 25 7117. 3140: 8172. 8071.66 47|228.2 il 
8.403. 680 62. 8 26. 0 28/118. 3149-0 8$8115;. 7172.0 * | 94.51 
| 9 035 3103-4 69 63.8 26. 4 29 119. 2 49.4 89 174 6172. 3 49/2 BY 94-9 
12 09.2103. 8} 70 64: 7 26.8 _ 30,3291 49. 8] 90175 5172.7 50 21.0 4 
11 10. 004.2] 71 55. 6 27.2] 1311121. 0450+ 10 11176, 11 85 | 
| 12 11.1104. 6} 72 66. 5 27+ 6; A Ie 39.5 l 14% 96.1 
13 12. 05. o 731 67.327: JT 331229 50. 9 931178. 3073.9 5333.1 1 
| 14 e 74 68.4 28. 3 34123. 8 51. 3 941179 2174+ 2 54234 — * 
15 13.905. 7] 75 69. 328.7 35 124.7651. 7 951180. 2 74.6 * 6 oy 
16 14. © 06. 11 76 70.2 29-1 36 125.752. 6811 75.0 56 230.5 * 
17 15.7196. 5 71 71. 1129.5] 37126. 6152-4 7,182. 0175+ 4 57237 "1 
$81 36.0506: EN 38/127. 5152-8] 981182. 9175-5 1 7 115 
19 17. 07. 3] 79 73.030. 2 391128. 4 33- 2 990183. 9 76. 2 EP * 
Dee 9929.3 2 2 -e 8 2 
21} 19. 4195.0 Is 74. 8 31 o 1411380. 354.04 20! 185.7 r 
22] 29.3 95. 4 2| 75,.8/31-4] 42j131-2[54- 3] ©: 186 6 => ARR os 
23 21. 3008. 8] 83 76. 7131-8 43\132.1154+ 7] O03 187. 6177+ 7 611263; ces 
24 22.209. 2] $4 77. 9132-1 44\133- 0155-1 o04\188.-5178. 1 64/243. 911010 
23 23.1. 60 85) 78. 5132-5] 45\135- 9155-5] 93 189. 478. 5 651244 e 
260 24. flo. o] 86] 79. 5132-9 46j134- 9155-9 06190. 3078.8 66 245. 6 101. 
27 24.979. 3 7] S0. 433.3 47135. 8 56. 3 71191. 3179- 2 67248. 7 fen. 
28 25.9110.7] 88 81. 3133-7 __- 36.7 56. 6 o8 192.279 6 686 247. C 0. 
29 26. 811.11 89 82. 237 491137. 7157-0 9 193• So. o 60 2486. 1050 
22 — 11.51 90] 83.23A-4 e 10194. 0080. 4 75249. 311943 
3128.61. 9 . 34.8] 1510139. 5157 $0 2111194. Ro $1 771 250.400 
32 29. 6j12.2hF 92 85.01|35+- 2 52 140. 4'58. 2 3 $1.1 324527 % 
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I — —.— —|:os 1] 2211163. 71148. a 2810208. 21155. 7 || ve 
41139. 427. 5) 101174. $167. 8 1610119. 30708. 1] 221119 3+ 71140 4 a 
42/31.1]28.2} 02075. 6 68.5 21120 ofſios. 8] 220164. 4149. 1] 82 4 [99s 3 jd 
4331.9 28.9] 03176. 3069. 2] 63120. 7]199-4] 23 165. 21149. 7] 83/209. 6199. 1 
4432.6 29. 5 0477. 0169. i 64121. 5110.14 24165. 9150. 44 84219. 4 190. 1 
4 33. 3130. 2] o5177. 8150. 5 65 122. 2110. 8] 25166. 7/151. 1] 851211. 1190-4 "th 
434. 1130.9] 06178. 5171. 2Þ 666123. 0111.5] 201167. 4|151-7 8611.92. By 
47134. 8131. 6 07179. 3171. 8] 67]123- 7/112. 1 271168. 2152.4] 87j212+ 6192-7 1 
46,35. 6132.2] o8|80. 0/72, l 68124. 4/112. 8] 281168. 9153.1] 88021330934 " 
40 36. 3.32.9 ogſso. 5173. 2 69/125. 21113. 5] 291169. 61153. 8] 89 1 WET by 
59/37. 0 33-6] 1081. 5173.9] 70,125-9|114-1f 32 170. 41154. 5] 991214: 2 1 
8634.2 111082. 274. 5] 171126. 7114. 8 231171. 11155. 294 N | 7 
i 5 7 7.4111 271.9155. 8] 92216. 3192 Wi 
$134. 9] 1283. 0075. 2J 720127. 4115-5] 3 196. 9 1 
365.6 13183. 7175.9] 731128.2[116. 2} 33/172. 6156.44 93 u 4 
54/49. 0.36. 3Þ 14084. 4176. 5Þ 741128. 91116. 8] 35/7173. 3157.1] 94/217 me 1 
$3149. 7136.9] 15085. 277.2] 751129. 66117. 5] 35/174. 157.8] 95/218. 5 2 08 
41. 537. 6 16185. 9177.9] 76/130. 4118. 2] 361174. $158. 5} 991219: 3 n Ws 
42.2138. 34 17186. 7178.6 771311 118. 8] 371175. 66159. 1] 97 n Fe (+ 
143. 038.9 18187. 5079. 2 7011 31.9 119.5] 380176. 30159. 80 980220 i 1 L 
3.209. 6] 19088. 2079. of 79132. 62. 2 39]177- 01160. 5 99/1. bl. 
14. 5140. 3] 120188. 980. 180,135- 3 120, 9 2491177. $ 1. 3000222. - : 1 
Dep]Lat Diſt DepſLatſDiſt Dep.] Lat. Diſt Dep. Lat. Diſt Des. wet 1 
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TABLE II. Difference of Latitude and Departure for 4 Pointz, 
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TABLE III. Difference 


of Latitude and Departure for 2 


— — 


Degreez. 


Diſt Lat. Dey Diſt Lat, Dep\Diſt Lat. Dep Dich Lat. Dep Dit; Lat, |D:y 
1101, oſoo. of 1 61.0192. 1 1210120. 9/04. 2180180. 9/6. 3 241 240.9 00. 
2102. oſoo. 1 62] 62.0102. 2 221121. 9194+. 3 82 181. 906. 4 42 241. 9ſob.; 
33. oſoo. 1 63] 63.0]02.2] 231122. 9194. 3 831182. 906. 4 4324.9 5. 
Jog. oſoo. 1 64 64. 002. 2 24123. 9,4. 3 841183. 906. 4 44243. 9108. | 
5105. oſoo. 2} 65] 65.0102. 3 251124. 9194. 4 851184. 9106. 5 45244. 9198. 6 
6106. ooo. 2] 66 66. 002.3] 2/125. 9194. 4 86185. 96. 5 461245. 9004.0 
=|07. oſoo. 2] 67 67. oo :. 3] 271126. 904. 4 71186. 906. 51 47 246. 9 0b. 
$|o8. ooo. 3] 680 68. oſoz. 44 280127. 9194. 5 88185. 906. 6] 48/247. 9006.7 
glog. ooo. 33 9 69. 0002. 4] 291128. 94.5 89188. 9/06. 61 49248. 9008.7 
1oſto. oſoo. 3] 79; 70.0102. 4 39129. 9 94. 6 BS... 189. 906. 7 . 50249. 9 ob. 
1111. ooo. 4 71 71. oo. 5 1310735. 9/94. 6 191 190. 9/06. 7 251 250, 8108.4] 

12]12, 0/00. 4 73, 72. 002. 5] 32/131.9104.6 921191. 9106. 7 52 25. 8108.8 
1301 3. oſoo. 50 73; 73.2.5 33/132. 9/94. 7] 93/192. 906. 8 53.252. fob. 9 
14014. oſoo. 51 74 74. 2.6 341133- 9124-7 940193. 906. 8] 54253. $08.9] 
15 e 75 75.9002. 6 35/1 34- 9194+ 7 951194. 9106.8] 55 54. 8jok. 
16116. ooo. 6] 76 56. oo. 7] 36135. 904. 8] 991195: 906.9 56255. $09.9 
1717. oſoo. 6 77 77. 002. 7 371136. 9104. 81 97196. 906.9] 57½56. 809.0 
18018. oſoo. 64 78] 78. 002. 7] 38/137. 9004. 8 981197. $06.9 580257. 809.0 
19 19. oſoo 7] 79 79. 0/02. 8] 39 1 38. 904. 91 991198. 9107.0] 59 . 809.1] 
20120. 0/00. 7 — 80. oſoz. 849139. 9104.9 2000199. 9% .o 60 009.1 
21121. 0100. 7 81} St. 0j02. $] 141 140. 954.9 201 700.978 261 . $109, 1 

2022. [oo 8] $82! 81. 902.9 42 141.905. © 020201. 9407. 1] 620261. 8109.: 
2302 3. oſoo. 8 831 82. 902. 9 43 142.905. 03 202. 9/07 11 G3 « 8109.2 
24024. oſoo. 8] $54] 53. 9102, 9 44.143.905. o 94|203.9/07,1] 64263. 899.2] 
2502 5. ooo. 91 85 84.903. 9 145144. 9195.1 05 204.90 2 65264. $109. 
2626. ooo. gf $6] 85. 903.0] 4145905. 60205. 90). 2] 0661265. $09.3 

7127 ales 9 87 86. 9103. 0 47/146. 9/05. 1 71206, 9/07. 2 | 671266. $09.3 
28028. [o. of 88 87. 903. i] 480147. 905. 2] 80207. 907. 3 680267. 8 og. 
29 29. 001. 0] 89 88. 903. 1 49 148.905.249 208. 907. 3} 69/268. Sog. 
30 30. olot.1] gol 89. 903. 1 50149. 9.95. 3.124209. 907. 4 70 69. 8 09.) 

3131. 0ſo1. 1 91 90 9003.2 151155. 9/05. 3 21102 10. 9107. 4} 271270. $99.3 
32 32. 0jor. 1 92] 91 9103-2 52.151.905. 3 12]211.y9\07, 4} 721271. Sch.; 
3333. 0001. 2J 93| 92-9103- 2 53,152.9,05. 4 13]212.9j07. 51 731272. 8109-0 
34/34. 01. 2 94] 93-9/03-3] 54153-9195. 4] 141213-9197-5 74/273. 8109.6 
35035. 001. 21 9594 9903. 31 154.905. 4] 15/1497. 5] 75 274. 8000. 
36036. 0/01. 3] 90} 95-9,93- 4 56.155.905. 5] 101215. 9107.6] 7 275. 8199-11 
37137-0191. 3] 97 96.9 03. 4 57156. 9105.5 171216. 907.61 77 276. $99 
38038. oo. 31 95 97.903. 4 580157˙9 25.5] 18/217. 9107.6 78 277. dj29-1 
39] 39. 0001. 44 99 98.9 03.5 591155. 905.6] 191218. 9107.7] 79 278, 810g. 
40040. 0/01. 4 100 99.993: 5 60/159. 9/93. 6] 291219. 9197. 7 89272. $199. 
41141.0101.4] 101 100. 9 03. 5 1610160. 9155. 66 2211220. 9197. 7 2810280. dont 
42142. 00[oO1. 5] 2 101.903. 6 62161. 9005. 7 22221. 907. 8 52281. 80 
43143. 0⁰01. 51 3 102.9 03.6] 63162. 905.7 23 222.9107. 8 83 282. 809 
44444- © 01.5] 04/103. 9 03.60 640163. 905. 7] 24223. 907. 81 84 283. 809.9 
4505. 0.01. 6 05104. 903.7] 55164905. 38] 28224907. 851284. 6119.0 
46 46. oo. 6 06 105.9 03. 7 66 165. 905. 8 26225. 907. 9 86 285. $110 
47 7. 0001. 6 07 106. 903.7 67166. 9/o5.8] 27226. 907.9 870286. 5119.9 
48048. 001. 7] 8/107. 903. 8 68 167.9 05.9 28 227. 908. 0 8802 7. $119" 
49149. oo. 7] 09/168. 9/03. 8 69 168. 9103.9] 291228. 9 08. o 89288. 15 
5050. O01. 70 19/109. 9 03. 5 70169. 9 06. 0 39229. 908.1] 99 28g. $19 
5151.000188 111[110.9 03-9] 17! 170.9 06. 0 231/30, 98. 1291 290. d, 
52 52. 001.8 12 111.9039 721171. 9 09.0] 32 231. 9/08 1] 92 291.4 
5353.0 01.8] 13/112.9,04-0 731172. 9 06. 1 33/2 32. 9108. 2 93 227. % 
5454. 0001.9 14/113. 94.0 74 173-9 06.1] 34 e 94 97 91 
55 55. 0001.9 1514.9 04.0 75 174.9 06. 1] 35/234.9/08.2J 95 294g 
5656. 0 02.0 10 115.9 04. 1] 761175.9 06. 2 36235. 908. 3] 96 ae 
57 57. 0 02. o 17116. 9 04. 1] 7776.9 OG. 2 37236. 9 o8. 3 7 96 1. 
$8158. 002.0] 180117. 904.1 781177. 9 06.2 35|237. 9108. 3] 981297- | 
5959. 0 02.1] 19 118. 9/04. 2 791178. 9 06.3] 39238. 9 o8. 41 99 25 4% 
60060. o 02.1] 1201119. 904.2 1801179. 9 06. 3 149 2 39. 9108. 4 320] 92 

DniſDep Lat. Diſiſ[ Dep. Lat. PII cp. Lat. HDi t Dep. Lat. Diſt Dep. — 
tor 88 Degrees. 


TAB III. Difference of Latitude and Departure for 


3 Degrees. 


— —— — 
Pitt Lat. Dep[Diſt Lat. |Dep [Dilt Lat. Dep|{Ditt| Lat. [Dep]Dift] Lat. Dep 
r o|00. 1 61: 60. 903. 2 121[120.8j06, 3} 187180. 7ſo9. 5 2410245. 712.6 
202. 000. 1 62 61.9ſ03.2] 22/121. 0. 44 82/181. 709. 8] 42/241.7(2.7 
3003. oſoo. 2 63 62.903. 3] 23/122. 806.4] 83/182. 709. 61 43ʃ242. 712.7 
| 4194. oſoo. 2 640 63.903. 3] 24/23. 8006. 5 84183. 7109.6] 4443.72. 8 
5/05. oſoo. 3 65 64. 903. 4] 25124. 8005. 51 85184. 709. 7 452447 12. 8 
6006. ooo. 3} 66 65. 903. 5 260125. 8006. 64 85185. 709.7 242. 
| 7197-© 00. 4 766.903. 5 27126. 8/06. 60 87186. 7109.8] 47 ien 
8/08, ooo. 680 67.903 6] 28/127. 8006. 7] 88/187. 70. 8 48247713. 
900.0 00.5] 69 68. 903. 6] 29128. $106. 8 8/188. 709. 9 9248.73. 
10 10. oſo0. 5] 29% 09.9/03-7] 30/129. $106. 8] 90/82. 92 9 n 
11.0 oo. 6] 71 -0. 9103.7 131130. 8006. 9] 1911190. 7/10. o 2510250. 6 13.1 
12112, 0192. "| 72] 71.903. &] 320131 8/06. 9 2191. 7/10. 0] $2j251.6'13.2 
13113-0109. 7 73 72. 903. 8 331132. 807. o 93 192. 7/10, 1 53 252.6 13.2 
1414. 000. 7 74] 73.9103. 9 3411 33- $/97.0 94193. 710.1 54 233-0'l 3.3 
1515.00. 8 75] 74-9[93-9] 35/734. 07. 1 9594.70. 2 $51254- 611 3. 3 
16110, o|99. 8] 76 75.9104.0] 360135. 8 0 . 16 95/193. 7/10. 3 561255. 6/13. 4 
17117. 9100-9] 77 76. 9194.0] 37 36.07. 971196. 710. 3 57256. 613.4 
10110. 0 020.9] 78] 77-9194.1]} 38 137. $197. 2 98 44 $4 3%. $81257-0.13-51 
19,19. oo. 0] 79 78.9194.1] 391138. 8 07. 3] g91198. 710. 44 $91258.6 13.6, 
20120, ojol.o 80 79. 904. 2] 401 39. $107. 3] 200199. 7 10. 5 600259. 6 13.6; 
21. 091.1] 81 80. 904. 2 1411149. 8097. 4] 2010200. 7/10. 3 2610260. 6013.7 
2222. 001. 1[ 82] 81.904. 3J 42/141. 80. 44 oz ol. 710. 61 62/261 613.7 
23/23. oo. 21 83] 82.9124. 3] 43/142. N 03 os. 2192 61 63j262.6 13.8 
24/24. o|ol. 30] 84] 83.904. 4] 440143. $/07.5] 04 203.710. 640263. 613. 8 
25125. [o. 3 83] 84. 904. 4] 45/145. 80). 6] 5204. 710.7] 65/264. 63. 9 
26026. 0101.4] 86] 85. 904. 51 46/145. 80. 66 060205. 7/10. 8] 660265. 613.9 
1727. [o. 44 87] 86. 9194.6] 471146. 07. 7] 071206. 7 10. 8 67266. 6 14.0 
28/28, fol. 5 88] 87. 994.6] 4807. 87. 7] o$[207.7,10.9] 68/267. 6 14.0 
29129. 091.5] 89 88. 9194.7] 49/148. $j07. 5] ogj208.7,10.9] 69268. 6 14.1 
37/39. oſol. 6 go] 89. 9194.7] 5-5 «49. $]27.9] 101209. 7}11.0f 79 269.6 14.1 
31031. [o. 6 91 90.9104. 8 1511150. 807. 9 211210. 711.0 2710270. 6 14. 2 
232.00 1. 7 2] 91.904. 8] 520151. 88. of 12ʃ211.711. 721271. 614 2 
33.091. 7] 93] 92 904.9 53152. So. o] 1312.71 1 731272. 6 14. 3 
34. o[ol. 5] 9 93.904. 9 54/153. 8008. 1 14213. 711.2 74273. 614.3 
535051. [ 95 94.950 55/157. o. 1 15214.7 11.21 75/274. 6 14. 4 
35.0. 91 96 95. 905. 0] 56/155. SſoS. 21 16 215.7 1.3] 75/756 14. 4 
37 36.4101.9] 97 96.9105. 1 571156, $|08. 2 17][216.7 11.4 77,276. 6 14. 5 
35137-9]92.0] 98 97. 90 5% 58157. 8[08. 3] 18/217.7/11.4] 780277. 6014.5 
39135. 902. 0] gg] 98. 905. 2] 59158. 8198.3] 19218. 711.5 79278. 6 14. 6 
$9139. 9102. 1 109] 99. 9195-2] 69 t59. $Jo8.4] 201219. 7 11.5 80279. 6 14.7 
#1149.9192. 1] 1015100. 9195. 3] 167160. $j08. 4] 221220. 711.6 2810280. 6 14.7 
1. 02. 2J oz2j101,9j05. 3] G62[161.,8jo8.5] 22[221-7j11.6] 82|281,6'14.8 
12.9192.2] ozſ102.9j05.4] 63162. $jo8.5] 231222.7|11.7 | 83/282. 614.8 
1143-9192. 3] 04/193. yſ095.4} 641163. 808.6] 24/223.7]11.7] 84283. 614.9 
44. 9192.4] 051[104.yj03.5] 651164. 8198.6] 250224. 711.8] $3{284.6,14.9 
43-9192.4] o61[105.9195.5] 66165. 8198, 7] 26225. 7111.8 861285. 615.0 
1146 9192.5] 07106. 9105: 6 671166. 8/08. 7] 27226. 711.9] 87/286. 6 15. 0 
$7-v/9N.5] o8[107. Sſoz. 7] 681167. 8ſoS8. 88 280227. 71.9 880287. 615.1 
6.902. 6 og}108, $05.7] 69168. 8008. 8 29/228, 7 12.0 89|288.6 15.1 
19.91922.6] 10j109. 8[05.8] 70169. 8/08. 9 39/229. 712.0] gojzfg. 6115.2) 
0. 711110. 8005. 8 171170. & o. o 231230. 7 12.1 2910290. 6 153.2 
2.7] 12111. 8ſof5. 9] 72/171. 8009.0] 32231. 712.1 92291. 615.3 
SJ 1312. 8j05.9] 73/72. 809. 33,332+ 7113-2 931292.6 15, 3 
8 14113. 8006. 0] 740173. Slog. if 34/233. 712.2] 94293. 615.4 
91 15/14. 8006. 0] 75/174. 8 og. 2] 350234. 712.31 95/294. 6015.4 
9 1615. 8006. 1] 760175. 8009. 2] 360235. 712. 3] 96/295. 6015.5 
-Of 17116. 8806. 1] 775/176. $09. 3 39/236. 5 12.4] 97296. 6015. 
918/117. 8ſo6. 2] 78/177. 8109.3] 38237. 712.5] 95/297. 6615. % 
119118. 8006. 21 79178. $03.4] 39238. 12. 51 99/298. 6015. % 
20119. 806. 3 18 179. 809.4 140239. 712. 6 305 299.6. 
Diſt Dep. Lat. Diſt Dep. Lat. Diſt Dep. Lat. Diſt Dep. Lat. 


for 87 Degrecs. þ 
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89828288222 


e of Latitude and Departure for 8 Degrees. 


Dep Diſt Lat. Dep Diſt Las Dep|Diſt Lat, |Dep|DiR|Lat. be 
o00.1{ 61 60.4108. 5 1241119, 516. 181}179. 2125. 2] 24112365100 
oo. 3} 62 61. 408. 66 220120. 87. 0] 82 ids. 2 ce 3 ld. 
oo. 41 63 62. 408. 8] 23\121.8|17.1} $3]151.2125. 5 9 244 
00.6] 64 63. 408.9] 24/122. 8017.3] 84/182. 225.66 4424.6 29 
oo. 71 65 64. 409. o] 25/123. 817. 44 83/183. 225. 80 45242. 6 04 
00.8] 66, 65. 409. 2] 26|124. 8117.5] 861184. 225.9 46124z.6 * 
o. o] 67 66.4159. 3} 2725. 817.7] 387/185. 2126.0 47244 A 
ot.1] 68 67. 3ſog9. 5] 280126. 8017. 8] 88186. 226. 2 4802456 a+ 
ol.z3] 69 68.3/09.6] 29127. 718. 0[ 89 187.226. 3] 49 246.6 464 
ol. 4 -- 0 69. 309.2 30128. 18. 1 99 188; 2 26. 4 f 50 247.6 4! 
Ol. 5 71 709. 3109.9] 1311129.7 18. 2 191189 1126.6 251 248. 6 34.9 
Ol. 7 72] 71. 3j10,of 32130. 718. 4] 92190. 1026. 7] $21249.6 ** 
or. 8] 73 72.30. J 33j131. 7118.5] 9391.26.90 53ʃ250. 5 35.2 
21.9] 74 733/10. 3 34/132,718. 7] 94192127. 0 5451.55.40 
02. 1[ 75 74.3010. JJ 35/133. 718.8 95/193.127. 10 55/252. 533.3 
02. 2 761 75.30. 0 36 134. 7118.9 96|[194.1]27. 3] $6j253.5 10 
52.4 77 76. 30. 7] 37135, 7ʃ19. 1] 9795.17. 4 550254. 5135.9 
22.5] 78/77. 210. 9 38/136. 719.2] 98146. 1127.6] 5823535. 5 35.9 
02.6 29 78.21% 390137793 9992-1077 5$91256.5/36.1 
22.8 bo 79. 2 11.1} 4038.6 19. 5] 2001198. 127. 8 50237. 5136.2) 
22.9] $1] 80. 2113] 1411139. 6119.6] 201 199. 0/28. of 261 258.5 35.3 
03. 11 82j 8. 2. 44 42140. 619. 8] o2[200.0]28.1] 62259. 5 36. 
53.24 83 82.21.61 43141. 6619.9] 3201. 028. 3] 63 260, 436.0 
23-3] 84 83.2|11.7] 441142. 6020. 0 oy|202.0'28. 44 641261. 436. 
03. 5 85 84.2111. 8} 451143. 6020. 2J o; 203. 0028. 5 65.262.436. 
23.6] 86 S5. 22. 0] 46144. 620. 3 6.204 28. 7] 66263. 437.0 
23.8] 85! 86. 212. 1] 47145. 6020. 5 0% 205. 0028. 8} 67264. 4 7. 
3.9 88] 87. 112. 2] 480146. 620. 6 o8 206. 0 29. of 680263. 47. 
54.0] 89 88. 112.4] 491147. 6020.7 09 207 0 29. 1] 691266. 4137.4 
04.2] 90 89.1112. 5] $0148. 5120.9 10208. 0/29. 2] 70267. 4137.6 
04.3] 91 90. 12.7 15149. 5021. 0 211|209. 0029. 4f 2711268. 4137.7 
24.3] 92/9112. 8] 52/150. 521.2] 12209. 929. 5] 721269. 4137-9 
04.61 93 92.12.9 53/151. 521.31 13210. 929. 6] 731270. 4135.0 
04.7] 94) 93-1113-1] 54/152. 521.4] 14211929. 8] 74271. 3138.1 
04-91] 95 94.113. 2 $$1153+ 5121.6 15|212.9129.9] 75/272. 38. 
05.0] 96 95.113·4 $6[154-$j21.7] 16213. 939.5 76 273.3 . 
5.2] 97] 96.3.5] $7/155-5,21.9 17 214.9 30. 2] 771274. 3138.6 
05.4] 98 97.0/13-6 580156. 5 22.0 18215. 930. z3Þ 78275. 338.7 
03-5] 99 98.013. ] 39/187. 52.0 19,216.93. 5 791276. 33% 
25.6] 109 99. 015 3-2y_ 69 158. 4 22. 3} 20/217.9 30. 6 80[277. 339. 
03.7] 101]1:00.0,14. 1] 161159. 4/22. 4] 221;218. 9 30. 8| 281278, 3139-1 
053.8] 021.0142] 62 160. 4\22.6] 22219. 8030. 9] 82279. 3139-3 
06.0] o 02. 0014.3] 63161. 422.7] 23220. 8031.0 83 280. 3 39-4 
06. 1 4103. 4 51 64162. 422. 88 24 221. 8031.2] $4/281.2,99) 
5. 5 104. 014.6 65/163. 43.00 25222. 8031.3 85!282,2 39-7 
26.4] 6103. 0 14. 5] 661164. 423.1] 26223. 8031.5 86283. 239-0] 
of. 0%. o 14.9] 67165. 423.2] 2724. 8031.60 87 284. 2 40.0 
OG. 7 08109. 0 15. 0 68 166. 4/23. 4 28225. 8131.7] 880285. 2/40-1 
26.8] 0911979 15.2] 69 167. 423.5] 29/226. 831.9 89286. 2/40. 
2.011. -[ 70 168. 4|z23.7] 30227. 8132.0} 99 287.2 46-4 
27.1] 1111:09.9 15-5] 171 169. 3j23.] 231 228. 8032.2 291 288. 2 40. 

27.2] 1210. 915.6] 72 170. 323.9] 32 229.732. 3] 92 289. 2 10 
07. 4 tz/1111.9 15-7] 73 171. 3]/24.1] 33.230. 732.4 93/290. 24 
07. 51 14{112.9 15-9] 74 172. 3124-2] 34 231. 7]32-6] 94 291. 1/409 
O7. 7 156113. 16.0 75 173. 3124. 3 35.232+ 7]32+7 95 292,140. 
77. 160114. 16.1] 76 174. 3124.5] 36 233. 732.9 96 203. 114!+? 
97.9] :7/115-9 16.3} 977.175. 3[24.6 37 234. 733.0 971294114") 
„8. 11 1816.9 16. 44 78 176. 324.7] 38.235.733. 1] 9829 1% 
o8. 2 19/1 7.8 16.6 579 177. 3124.9] 39 236. 7133-3] 99 296. 1141-0 
28.4] 120/115.8 16.7 18.178. 3]26. i| 240 237- 7133-4] ge d 
Lat. Diit Dep. Lat. Diſt Dep. La Diſt Dep. Lat Diſt Dep. Lat 

— 
for 82 Degrees. 


——— 


a 


— 6 , 


Dit|Lat.|Dep Pi Lat, DepHDi 
101. oo 2] 61 e Diſt Lat. DeplDi 
O 61.2 2111 2 — t. De | . 0 
303. 000. 5 62 6 og. 71 22 9.518. 9 18 1 pDiſt wed _ 
7 . 10. 3 15 f 21 . 28.8 43 1 74 | 
210. 5 24.519. 7 51182, 75/28. 44241. o * N 
10 68 2010. 8 28126 * 87 184 Yo 1 46 2 8 38.3 
"Morte . 420. * 712 243.038 | 
69. 1|1 29127. As. Aa ae 
11110. 0.9 1 20. 2 39 186. 29.4] 48 2 44-0]38. 6 | 
I2 . 70. 111.1 ENS 20. 3 7 29 6 244.9 22 8 
f 71. 1131129. 420. 5 20187. 491245 a 
3 0 1 II. 3 9.4 20. 5 — 2129.7 15-9 58. 9 
14/13. 8]02 72.1]11.4 32130. 420. 6 191|188, 7/29. 9. 221242:9139- 1 
15/14. 8]0 73.1111 6 33131. 4j2 92 189. 6 9.9 25102 * — 
6 5 3 | 0.8 39.0 47-9139 
16/15. 802 . I. FH rt: : 931190. 6030 5248.9 * 
1716. 8102. 75.1011. 9 2535.3 117 9090-6 5 53 175. w/068 | 
18117. $102. 8 76. 112. o 39134321. 3 951192.6 "9 541230. 9 —＋ 
19118, 8103, o . anions es 96193. 6 n 7 
_ 20119. $103. 1 O 12.4 38136. 3 21 : 97 I94. 6 — 56 252 9139-9 
21/50. 7 [12-4] 39/137. 3]21. 43.605. % 2h 27 
22177. 70 I I" 491138. 3]21.9 99/196. 6|z1. 1 381234. 
63.7% 12.2 4.37.1 2 59[255- 8/40. 5 
24123. 013. 42 145. 31222 201 e 
25124. 703. 013.1 43141. 2 22. 021199. 5 24 261257. 8 — 
26125. 510g; . o|13. A alan © 03 * 62 Ne. | 
27126. 5104 9 14. 451143, 2 OY 04/201. 5 31.7] 63 250.8 41.0 
28 27. 7104 9113.5 46/144. 2 2 1 051202. 5 31-9} 64 260. 8 po AY 
29128, 6104 86.9[13, 8 1714522 i 06203. 5 2.1] 65126 hs price. 
30129. 6 rn 5 51261. 7141. 
— 9. 0104 779113 49.22 71-04. 5 661262 4 
1 88. 91 49114 3-1} 082 32.4] 6 - 7141-6) 
31030. 6104 9114.1 147.223 05. 432.; 71263 . 
32 31.6 . 3 ebe 7 „ no4 ah page 
6ſo; 9114.2 I 23.5 16 4132.7 6 4+ 7 41.9 
33132: 610 9114. 57 75.1238 ey fo 9265.7 42.1 
34 33.600 .9 25 52 150.1 + 2111208, 47 70 266. 7/42. 2 
35 34. 6 05. =" 14.7 $3/1$1,1 * 3 209. 4 8 271 oxen Wray 
36 35.6 05, = 14. $4 152.1 7 13 210. 4 33.2 52 268. 7;4* 4 
7136. 5105, 5811 2 55153. 1 4. 1 14121 33.3 , 7142.5 
8 5. 0 3 24.2 1.443 73 69. 6 
39 38. 5 06, 1 i 15 571551 144 10/213. 33-6 75 1 p99 
9 32.500 r e i? | „ie do 
— — B 3635. 72. 6143-2 
41140, 9 91157. 1821 9 10 
5 2815.6 6 7.024. 9 53 34 771273. 614 
42/41, 72 50 158. 95. o 191216. 303 .1] 78274. 6 my 
— 2 e e 25 217.304. 10 e 75.1% 
4143. . 2160 2 Ne 01276 : 
- P 6 0 218 7 .6 
7714. 7110.11 63:16 25-3] 22 33628 A 2s, 
at 11 wn 64 3 323 2; 14. 34.7 82 722 5143-9 
y , N M 3 185 
48 1 16. 6 65 163. 0 25. 8 2 A 83 * 44-1 | 
o_ 16 n 35.0] 840280 1 
49/48. 4. 7/16 20,05 26 720 CANS 801 56444 
50 16. 1.926 223.2 5281 
49. 4 9 68716 I 27 35.3 85 + 5144.6 
17.0 5.9 26 4 24.2 ; 262 | 
51150. 408. © -G[17, 2 69/166, 9/26. 4 . 1709 ig”. 16 bo | 
5 R. 64 e 17.4 29 02.2 26.5 29[226c2|35- 6 81229 343.6 
2. 200 12 . I — — AN 898, f 
M 116.60, 3 92 168. 9/26, [nl 1212272136: 0 9285. 4/45. 2 
55 1 F 7 bs, 169. 9 * 231 228. 2 36 95286. 445 4 
- 3108. 112.6017. . . 
56055 6] 1 17.8 9127.1 29.136 910287. 4 
«3108.8 5113.6 74171 x 332 | 3 2 . 45.5 
$7156 1611 18,0 7 9127.2 39. 136 9 288. 4145-7 1 
. 5 17 1 | 3 » 4 145.7 
58 57 3.08. 9 I 4.6 18. 1 73,8 2 34,231-1 <6 9302 89. ' | 
; 309 7 115. 6 76 17 [+ 4 3502 * 6. 6 445.8 
roles: 18 18.3 73+ [27.5 32.136. 941299, 4,40 
| 68 3j09-2Þ 1 11 450-4 nr 332.1036, 202383 1 
big Bes des 2% 81 od 4 Ta. 300061 ox 85 ad 
— R ks rr af CLINE 293.3046. 
iſt D -A. 390236 7-2] 982 8 
Did Dep. La. Bit Be. La. 3 75.67.20 91[195. 176.3 
r | ep. Lat. Piſt 37-9 37-51 399 4 4 q 1 
— | IS. Di De! * 
for 8 dl at. 
— — 1 Degrees. 8 
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TABLE III. Di | 
I. Difference of Latitude and Departure for 10 D 
| Tort egrees, 


Din. by; 
At Lat, Dep Diſt} Lat. DepDiſt Lat. D m= 
| Pa. es 1 #7 5. 6 17iing. 2)21.0| 181]! Dep; Dit Lat. Dey — 
| 3þ05-0/00-5] 63 od ood Be ae re} 407. 2 . 4 4 15730. - 
4403.9 00. 7 6 e 2302200 24.05 79. 231-6] 42/236 % "T7 
5104 7 4 63.0111 2 —3 83180. 2 31 39. 42.0 | 1 
| 900.9 65 60 4 122. 121. 5 8418 7 4312 39. 
6605.9 01. 0 80 _”r ORs 25 123.1021. q l. 2131-9} 442 5 8.144 IF. fu 
| 7 00. 9 8 35 „ef 26 124.1021 . 5 182.2 32.1 3 . 3 0 
| $107. 90. 4] 68 NT 27125. 122.0 : 32.3] 46;2 , 1425 q 
10109. 801.7 het 03. 0 29 . 185 1132.6] 45/2 2 „ i 
n / 70 6. 9 121 4 89 186 1 2.8 44-2.,43-0 | »| Oi 
11110 8 „ ph 30 138.0133. 19435 | 
| 4: * | ig. 71] 69.92.3131 5 3 221187 1132.9 pe te bot | $1 0 
| . 2.1 7 : 29, 022. NT WIr en 0 
| 312. 8/02. z 7 18 beg 320130 4444.3 = qe 33 l 15 0 1 5 
14/13. 8 £ 3 l a MILE 2 5 — — 
a reg 75173. 91ʃ 5 e 94191 | 5319,23. 1211 
1618.82. >< 8 3.0] 35/132.925˙4 1 - 0133-0 54250. 10 a | 
15/16. 702. 9 l 4: 113.2 36 133.9092 95119201033 >} 551251 4-0 | 13 1 
| 18 17. 3103/1 77 5.8032 AST 960193. 0034.0 Moos ala 14 1. 
| 4 54 4 7 85. A.“ 971194. 0034.2 16 15] | 
| 19115. 703.3 = 3.51 3311 35-9} 3-< * 34-2} 57753. 
N 2 03.5 8 33 122 390136 9,24 : 1 1 5 34-3 58/254. oo > : 
| 2120.7 03.6 8 - 3.9 =” 137.9 24 } * ** 34.5 391-25 1144.9 16 7 
| 22/21.7]03.8 7 79-8114.0| 1411138. 9/24- 4 7- 9134: 7]__60:250. 0145.1 10 1 
E 82] 80. 14.2] 42/1 . 9/24: 4| 201[197- 9/34 v] 26 F A. 
#-- 2343+ 312 © 821 $1.5 42139. 8/24 6] oft. 1.9 2611257. 0145. — 
24/2 | $2 435 = 02198. 935˙» 1 —— 
3 , 6104.2] $4] $2.7 4317140. 8 24.8] 03 621258. 0/45. 4 111 2 
25 24.6% 4| $2. 7114-6] 4/1805 31199-9352] 63/25 * 1 
2625.6 3 85 83. 7114-7] 45 142.8 1 9 200. 9| 35+ 4 HT 3 
2 850 84.7149] 4 143.8025 05 201.9355 670261. 6. 23] 2: 
| 28/27.6104. 9 8 85.7115.1] 471144 5 25.5 $01202- B1IF-F 661262, 0/46. ds 
[ 340,29 clo; 9 87. 6115.4 40 146 7173+ 7 08 204. 836.1 6826 940.3 20! 2 
| 1 , 3-2 90 KL 6 15 6 . 725. 8 ow 205. 8 6. 2 3.9 46. ; 271 20 
1130.5 — 50147 7120.0 9 68 69264. 6.6 6 
3 30. 5105.4 il 8 en 00 4 2A RD 191206. 836 5 4- 9149-0 28 2 
231. 50 9 9. 0]15.S] 151]! = E — 702635. 9146.) 20) 2 
i 3- 3 3 5. 5 * 0 7 o 7126. 2 211120 8 — 4 9 24 
33) 32+ 505.7 93 2 RP 2 149.7; 20. 4 12 — 8 3 2711266, 9147.0 Bo 20 
34; 33- 5}25-9] 94 91.6 ny [BY 150. 7/26. 5 13020 8 434 72[267.9 7.2 wif 3e 
3534-5 06. 1 on $6 1 541151. 7 26.7 9. 0139.9 23,268. 9147. 32 
6135. J 95 93.6,16. 5 1c i 141210. 7137-1] 74]? et 3 
3 35. 5106. 2 | bv $5 52. 6 26. 4 74.269. 80 ; 
96] 94-5116. 6 91 1511. 737 17• 33] 3˙ 
3736.4 06. 4 8 51 56153. 6027.1 5212 37.31 751479147. 34 3 
1 38137. 4/06. 6 — 44 5146.8] $571154- 6127-2 "Y TER 7137-5] 761271+8147-9 35] 3. 
39038. 40. 8 96. 357.0] $5Þ155- 0127-4 r 77272. 8048.4 36 
3 nn 601127. 62 9 15.738. o 7 274. $14). 
4. 4427+? Lnge 201216. 738 $1374 1951 3803. 
| | 101i] 99. 517. 10 — 1 7138. 1 8o 275. 7148.6 
42141- 4127-3 2 100 , 11158. 627.9221217. 6 N ＋ 
43142. 307. 5 2 N 621159. 5 28. 1 22407 5 38. 3} 281 770.7 U 40) 35 
4403.3 z\no1.4|17.9] 3/169. 528 218.638. 5] 82/7775 1 4c 
| 3 7-0} 04 102 x 5 2 3 2 21 6 \ 114 J 4 4< 
43144+ 3197-8} az} -4j18, 0] &4 161. 5:28.4} 31219. 6138. 7] 83127-7069) 12 41 
46045. 3008. o 4 18. 2] 65/162. 528. 6 9 ei 84,79, 7149-2 43] 42 
47145. 3008.1 2 18.4] 661163. 5028. 8 = n 851780. 7149-4 44] 4 
48147. 3{08. 11-44 18.6] 670164. 5 232. 6139-2 $61281, 6149.6 a5) 45 
3} 080106. 4/18 29.01 2722 | 44 
49 48. 3 08. 09/10 4 7 68 165.4 29.1 4 454 5 39 + 87252 6149. 46 45 
| $0149. bel 212 n 166. 429.3] 26 24.5 30. 5 861. 47] 40 
| 5:150-2108.8| 111 2 701167: 4/29-5] MET 39. 7| 89/284. 650.1 BY © + 
$3152 2109. 2 | 1 1 3 19.4 21169. 4 29. 8 21132 510. 291/286. 6/50. 45 
54453 2409. 4 &. 145. 19.6 73 170. 4 30. o hd 5140. 2 92 287.6 50,0 Fl] 5c 
56455. 1109. 7 * Ad. 19.9 751172. 3 30. 3 1097-3 40. 6 94 289.3 51.0 53 52 
5756.1 | 4.202. 10 761173. 3139-5 35/231- 4/497] 951299 519 54] 5; 
| 09.9] 17/71 3.339. 5 612 5 
NST. 170 71152020. 3][ 77174: 3139; 7 36.35 9 961291+ 55+) 95] $4 
| 10. 1 18,115.2/20-5} 17433577] 37233·4%½ 1 
$958. 1[£0. 2 | a, ' 3 781175. 3139-9 8 441.1 97 292+ 5| 51-5 $6] 5; 
60) 59. 1110. 4 NS lag 6} 791176. 3|31-0 38/234 4/41 3] 98293515", $7] 8 
9 20 118. 2 20. 8 18017 7 39'235+-4 41 4 2 {1,4 58 * 
Diſt De 1. 7 77-3131. 2 240 236 99 94: 3]? *. 
p} Jar Diſt Dep. Lat Di Dep. Lat 236. 4/41: 29 .. 5 
1 p. Lat Leit Dep. Lat . 
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TABLE III. 


Difference of Latitude and Departure for 11 Degrees. 


ul Lat, Deb Dit] Lat, }Dep] Dilt Lat. DepDiſt Lat.|DepDiit| Lat.] Dep. 
Y ojoo. 2 G1 59.911. 5 121118. 3023. 11 1810177. 7134-5] 24/236. 606. o 
| 2| 02, 059. 4 621 60.y{11.8] 221119. 8023. 3] 8278. 634.7] 4212 ;7. 5146. 2 
; 02, od. 6 631 G. 812.0] 23120. 723. 5 836179. 0] 34-9] 43ʃ238. 46.4 

03. 909.8 64 62. 8012.2] 24.121.723. 7 840180. 6 35-1] 441239. 5046. 6 
04.91. % 65/ 63. 8012.4] 25 122+7/23.9] 85/181. 635.3] 45[240. 546. 8 
| (oz. 901. 11 66 64. 8012. 6 2623.7 24.0] 86/1 82. 6035. 51 461241. 547. o 
| ob. 9 01. 3] 67 65. 8[12.8] 271124. 7/24-2] 87 (83. 6135-7 47242. 147.1 
| $| 07.9191. 5] 68] 66.7;13.of 281253. 6/24.4] 881154. 5135-9] 451243: 4]47- 3 
os. 801.7] 69] 67-7]13-2] 291129. 6124.6] 8gj155. 5136.1] 4944475 
10 29. 81. „] 70] 68. 7/13. 4 _30[127- 6/24. 8 991186. 5136. 3Þ _ 501245: 4[7-7 
"111 10. $2.1] 74] 69.713. 5 3/25. %½5. 0 1911157. 5136.4] 2511240. 447.9 
12] 11. 8ſoz. 3} 72 70. 7113-7 321129. 625.2 92188. 5 36.6 521247. 448. 1 
1. Sor. 58 73/7173. %% 3/3. %. 4] 931159. 40. 8] 531245. 345. 3 
| 13. 7102.7 74 72,6114.1 34131. 5025. 6 941199, 4137-0 $4124 - 3340.8 
14. 7192.9] 75 73- 6114+ 3 351132. 3/25. 81 95 "91. 4137-2 552 o. 3148. 7 

13. 7193-1] 76] 74.6014. 5] 36/133. 525.9 96/92. 437.4] 56{j251. 3145.8 
6. 7193. 2} 77 75. 6014.7 3711 34- 5]26.i] 97/93. 437.5] 5752. 3149-0 

17 7103-4} 78] 76. 6114.9] 38/135. 5126.3] 981194. 4| 37-5 581253. 2149. 2 

18. 7103-6] 79] 77- 5115-1] 39136. 4126.5] 99195. 338.0 591254. 2149. 4 

19. 613. 8} 80] 78. 81-3 49[137-4 26.7] 200196. 3138.2] 60[255. 249. 6 

20. 6104.0] 81] 79. 5115.5] 141/138. 426.91 201197. 3138.4] 2611256, 2] 49. 8 
21.6jo4.2] 82 80. 515.6 42139. 427. 1 oz{i98. 3038. 51 62257. 250. o 

22. 6194.4} 83] 81. 515. 8} 43/140. 427. 3J 03/99. 3138.7] 631255. 230. 2 
23. (04. 6} 84 82. 516. of 44/141, 3/27. 5] ooo. 238.9] 64 59. 1050. 4 
24. 5124. 88 85] 83. 416. 2] 45/142. 3127.7] oro. 239. 11 6550. 1050. 6 
23.5195. of 86 84. 416. 44 46143. 327.9] 06202. 239. 3] 661261. 150. 8 
26. 505. 21 87 85. 4016. 6 471144. 3028. o 7203. 239. 51 6752. 1050. 9 
27. 5125. 3] 88] 86. 416. 8] 48/745. 3128.2} 08[204. 239.7 680263. 1511 

28. 5105.5] 89] 87. 417. of 49146. 3128.4] 091205. 239.91] 59264. [51.3 

29. 4195.7] gol 88. 317. 2] 5oj147.2[28.6] 101206. 1]40.1] 70265. oſ51. 5 

39. 405. 91 91 89. 3/17. 4] 1511148. 2]28. 8] 2111207. 1040. 3Þ 2711266. 0/51. 7 
31.4126, 1] 92 90. 3 17.6} 321149. 229.0] 12298. 1140.4] 721267. 0051. 9 

32. 406. 3] 93] 91. 317. 7] 53/1 30. 229. 2J 1309. 1040. 60 73268. 0052. 1 
33.4056. 51 94 92.3 17.9%] 54/151. 229. 44 141210. 1040. 8] 74269. 0052. 3 

34. 406. 71 95 93.318. 551152. 1020.61 1511. 041.0 75/269. 952. 5 
35. 306. 91 96 94.2 18.3 560153. 129. 8] 160212. 0041.2] 561270. 952.7 

36. 307. 1] 97 95.218. 51 57/154. 1030. 0 17213. 00(41. 4 7 271.9529 

37. 3197. 3] 98] 96. 218. 7] 58/155. 130. 1 18214. 0147.6} 78272. 953. o 

38. 3197.4] 99 97. 218.9 59156. 130. 314 19215. 0041. 81 79273. 953.2 

39. 307. 6] 100] 98. 219. 1] 6057. 130. 51 200215. 942.01 80[274. 853.4 

40. 207. 8] 101] 99. 1019. 3] 161158. 030. 7 2211216. 9142.2] 284/275. 8153.6 
41. 208. of oz too. 119. 5} 621159. 0030. 9 21217. 942.4 21276. 85 3. 8 

42. 208. 2] 03101. 119.7 63/10. oſ 31. 1] 23/218. 942. 5] 83/277. 854. o 
43. 208. 44 04102. 119. 88 64161. 0031.3] 24219. 942.7 84278. 854.2 
44. 208. 6] og 103. 1020. of 65 162 ol 31.3 251220. 942.9 85279. 854.4 
45,2008. 8] 06104. 20. 2] 660162. 931.7 26221. 843.1 862 80. 754. 6 

46. 1199. 0] 7105. 020. 44 67 163.9319 271222. 8143.3] 87281. 7154.8 

47. 1199.2 o8[126, 0/20. 6] 680164.9 32.1] 28/223. 8043.51 88282. 755. 0 

48. 1199. 3] og[107. oſzo. 80 69165. 9 32.2] 29224. 8043.7] 89283. 7155.1 
9.5 10108. 0]21.of 701166. 9032. 4J4 30225. 8043.9 90284. 755.3 

$9. 1199.7] 111109. 0/21. 2 171167. 932.6 2311226. 7144.14 291/285. 6055. 5 

51. oſog. 91 12 109. 921.44 721168. 832. 8 32227. 744.31 92286. 6055.7 
„01. 1] 130110. 921.6 731169. 8033.0] 331228. 744.5] 93/587. 655.9 

53. 00. 39 14/11. 9/21. 8] 74170. 8033.21 340229. 7 44. 6] 94288. 6056. 0 
54.019. 5 151112. 921.9 75/171. 8033.41 351230. 744. 8] 951289. 6056. 3 
2.87 1616113. 922. 1] 760172. 8033.61 360231. 7145.0] 961290. 556. 5 
39016. y 171114. 8022. 30 771173- 7133-81} 37/232. 6045. 24 971291. 5156.7 
9.911. 1] 181115. 8022.5] 78/174. 7634.0 380233. 645.4] 980292. 5056. 9 

meg "1.30 199116. 8022.7] 791175-.7}34-24 39]234-6,45-0} 99293. 5]57- 9 
De RT. 4 120/117. 8122.9 180 176. 7134+ 3] 240235. 0/45. 8 300294. 5157+» 2. 
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TABLE III. 


Difference of Latitude and Departure for 12 Deprees, 


— —_ 


— — 


_ 


| Dit] Lat|Dep[Did] Lar. |Dep Diſh Lat. DepſDiſtſ Lat. Def [Lit Lat. Pep Co 
| 1/01. 0/00. 24 6i| 59.712. 7] 121/118. 3125.2] 181177. 0] 37. 6 241 17. 5 
A oo. 4] 62 60. 6 12.9 22119. 325.4] 382178. 037.91 42 236.5 5 | 10 
| 302. 900 6] 63 61. 613. 1] 23120. 325 6 83179. 038.1 43037. 7 30. 2 
403. 9100. 8 64 62. 6 13. 3} 24/121. 325. 88 84/180. 038. 31 44 238. 6150.8 | 50 
5 04. 901. o] 65 63. 613. 5 25122. 326. of 385/180. 938. 5 451239. 6171 400 
605. 901. 2 66 64. 5 13. 7] 20/123. 226. 2 86181. 938.7 450 Cr lh 
| os. S|Ol.5} 67 65. 513.9 27/124. 226.4 871182. 38.9] 47.241. 6 ith: 00 
$\07. $jo1. 5 68 60, 5114.1 28/125. 2126.6 887183. 939. 1 48 242. fer. 70 
9/08. Sor. 9 69 67.5,14.4] 29/126, 226.8 89 184. 839. 31 40 243.561 4 
1oſog. 8 98. 4 68. 5114. 6 30/127. 127. 0 90 185. 8 39. 5 50 244: 5152.0 Uk 
11/10, 8/02. 3Þ 71] 69. 4/14. ; 131 128. 127.2 191 186.8 39.7] 251 245.3 57.7 . 
12 11.0.5 72 70.4|15.0] 32/129. 1127.5 92 187, 39-9] 521246, 5152,, 4p 
1312.72. 7] 73 71. 415.3 33/130. 1/27. 7 93,188. 8 10.1 $31247. 4152.6 75 
14/13. 7102.9 74 2.415. 4 3401 31. AN. 94/189. 7 10.44 54 248. 452.8 + 
15]14-7,03.1] 75] 73 415-6 350132. 0028. 1] 95/190. 740. 66 55 249. 4153.0 15 
16115. 6403. 3] 76 74. 315-8 360133. 0028. 3] 960191. 740. 81} 56 250. 453.2 15 
17116. 603. 5I 77 75. 316.08 37134. 0028. 51 97/192. 741. o] 57 251.351 1 
| 18 17. 6003. 7] 78 76. 3016. 24 38/135. 0028.7 98193. 6041.2] 58 252.3053. 1 85 
19 18. 6104.0 79 77. 3116.4] 39135. 928. 9 99194. 6041. 44 59 253.3579 f 
Fer e 
21020. 5/04. 44 $81] 79. 2116. 8] 1410137. 929. 3] 201196. 6041. 8J 2610255. 54.3 FA 
2321. 5j04. 6] 82 80.2[17.1] 44138. 929.5 21197. 6042. o 621256, 24.3 * 
2 3122. 5104. 8] $83] 81.217. 3] 43j139.9j29. 7] 3/198. 5[42.2] 631257. 2154 1 44122 
24 23: $109. © 84] 82. 217. 5] 44140. $j30.0 o4!1199. 5 42.44 041258. 2 54.9 | 5 
25124. 5105.2] 85] 83. 117. 7] 45/141. 8030. 24 05/20. 5042.6 65/2 59. 2135.1 6 
26025. 4103. 4} $6] 84. 117.9 46/142. 8030. 4] 060201. 5042.8 66/260. 1j. 3 N. 
2726. 4105, 6] 87] 85. 118. 1} 47143. 830. 6 71202. #1431 67261. 1155.5 | 126 
2827 4/95. 8] 88] 86. 1018. 34 48144. 730. 8] 081203. 4043. z} 68[262, 1155.7 10 
3 28. 4j06.of 89 $7.0{i8. 5 491145. 7137-0 091204. 4143. 5 69263. 1136.0 1128, 
30129- 3006. 2} 90 88. 0018. 7} 50146. 7 31. 2 101205. 443. 7] 701264. 1156.2 9029. 
3130. 3106. 44 91 89.0118 gf I511147.7|31.4] 2110206. 443.0 2711265. 0156.4 | 
2/31. 3196. 7] 92] 9go.ofig. 1 21148. 731.6 121207. 3044. 1] 721266. 0156.6 
33 4, 100-9 93] 91. 019. 3} 53/149. 6031. 88 130208. 3044. 3Þ 731267. 016.5 
3433 4 if 94] 91.99. 6 54/50. 6032. 0 14/20. 3044. 5Þ 74/68. 0137.0 
35 34+ 2107-3 95] 92. 919. 8] 55/151. 6032. 2 15/210. 3044. 7] 751269. 0157. 
| 3635.27. 54 96] 93.920. of 560152. 6032.44 160211 2144.9] 761269. 9157.4 
37139» 2,907.7] 97] 94.920. 2J 57/153. $132. 7] 171212.2[45.1] 771270» 9157 
38 37. 2157.9 98] 95. So. 44 581154. 5032.9 18/213. 245. 3} 75271-9157. 
3938. 1]08. 1 99] 96. 820. 6] 59155. 5133-1] 19214. 2145. 6] 791272. 9153.0 
__49139- 1108. 3[ 100] 97. $120. 84 60/156 5133. 3Þ 20/215. 25.8 $0127 3. 8138.2 
41149. 108. 5} 101 98. 8]21.0f 1610157. 5133.5] 221216. 146. of 2810274. $58.4 
4241. 108. 7} o©2 99. $121. 2 620158. 433.7] 220217. 146. 20] 82275. 858. 
4 3142 1198.9 031100, 721. 44 63159. 4033.9] 23218. 1146. 34] 831276. 80589 
44/43. oſog. 24 4101. 7121.60} 64/160. 434.1] 241219. 146. 6] 84277. 8 9 
45/44. oſog. 44 e502. 721. 8] 65ʃ161. 434. 34 25/220. 146. 8] 851278. 7159-3 
| 46145. ©0109. 6 060103. 722.0] 660162. 3034. 51 26|221.0{47.of 86/279: 7159-3 
4746. 0J09. 8] oft. 6]22. 3] 671163. 334.7] 27222. 0047. 2Þ 87/280. 7159-7 
| 48 46. 9 10. o o8|105.6|22. 5] 681164. 3034.9] 28/223. 047.4] $8/251.71599 
| 49] 7.910. 24 09106. 6122.7] 69165. 3135.2 29|224. 0047. 66 59 282, 6/60. 
2 10. 4 100107. © 22.9 76/166. 3 35+4] 39/225. 47. 8 9002815 
| 5149.91. Of 111j108. 6/23. 1 171/167. 235. 6] 2311225.9{48. of 291 284. 6160.3 
5250. 9/10. 8 12 109. 5123. 3] 72168. 2 35-8 32226. 948. z3Þ 92/285. 
53051 $11.0 13j110. 523. 5] 73169. 236. 0] 331227.91]48. 5 93/286. 6] 
5452. 811. 2 14/111. 5123.7] 741170. 236. 2] 34228. 948. 7] 9412875 
| $55153-8{11.4] 15/112. 523.9 75/171. 236.44 35/229. 848.9] 951259. 5 
5654 8011.6 16113. 4124.1] 75/172. 1036. 6 36 230. 849. 1 96] 289: 3 
| $7]55 711.9 17j114. 424. 33 77}173. 136. 88 37{231. 8049. 3} 971299 
58 $6. 7]12.1 180115. 4024. 51 73/174. 1]37.0] 38/232. 8|49. 5] 95/2914 
$9[S7-7/12. 3] 19116. 424. 8] 79/175. 137.2] 39233. 7/49. 7] 992924 
60 58. 7/12. 5Þ 120117, 4 25.0 130 176. 0/37. 4] 249[2 34-7 49. 30029 
Diſt Dep Lat. Diſtſ Dep Lat. Diſt Dep. Lat. Pit Dep. Lat.] Diſt| Dep 


for 78 Degrees. 
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TaBLE III. Difference of Latitude and Departure for 14 '; i 4 , 


. | _ P ˙¹ 
Dia La. JDeppiiNt] Lat. Depſhiſt Lat. Dep fin Lat, [Dep Diſt] Lat, Dep, pit 
1e. 0150, 20 G1! 59. 214. 8] 1211117- 4129. 3] 1811175. 6143.5 241/233,857 7 \_ 
2101, 9192, 5] 62 Go. 2115, 0] 22118. 4j2y. 5 821176. 6144.0 2234.60.46 j 
3192. 9199. 7] 6;] 67. 115. 2J 23/119. 3029. 5] 83177. 6044. 3 43235. 8058.3 
403.901. 0 64 62.1 15. 5 24120. 330. 0 84 178. 5 44+ 5 44,236. 5159. | - 
5104. 901. 2 65 G63.1115.7] 25/121. 3130.20] 35179. 5144. 8 45/237. 7159, ; 
6% %. $91. 5] 66] 64.016. 0 26/122. 330. 5] 86|180, 5145.0 46 238, - 59, 5 | j 
7 9%, 8101. 7 G7] 65, 0116. 2 27\123.2 39. 7] 87]181. 4145: ; 47/239. 7159.8 | k 
8/07. $j01.9] 68} 66.0116. 5] 28/124. 261. 00 880182. 4145.5] 48 240, 6000.0 ; 
9198, 7102, 2] 59% 66.9116. 7] 29125. 21.2] 89/153. 445.7 49/241. 6160, 9| 
12/09. 7102. 4|__70] 67.9116-9]__30'126. 1/31. 5] 22/84. 4. 50/242. 6%; 19| 
11110, 7192.7] % 68.9117. 2] 1311127. 1]31.7] 194155, 3146. 2 2511243. 5160.7 * 
211.602. 9 72] 69. 9% 7. 4 32,128. 031.9 92/186. 340. 5] 52244. 5061.0 1240 
1312.3 [ 72] 70. 87.7] 33029. 0132.2] 93/187. 346. 7] 53245. 5061. mY 
14/13. 6103.4] 74] 71.8[17.9] 34/130. 0032. 44 94/188. 2046.9 54276. 4001.3 1400 
1514.63.60 975] 72. 8018. 1] 35/131. 032.7] 95/189. 7.2 5502 7. 4061.7 i501 
1615. 5/03. 90] 70] 73-7115. 4] 360132. 0032.9 9619. 2147.4] 56 248, 462.0 1611 
17116. 5194.1] 77] 74-7118.6 71132. 9133-2 7191. 1147.7] 5749. 4102.2 | 1741 
18117. 5194-4] 78] 75-7}15.9] 38/0133. 433.4] 98019216479 58 250. 3162.4 | 1810 
19118. 4 94.6 79 76. 7119.1 39!134.9]33-6 99193. 148. 2 591251. 3162.7 DIL 
_ 20119. 494. 8 80 77.6]19.4] 40[135. 5 33-9] 200/194. | 45. 4] 60252. 3162.9 2oll 
2120. 4193.1} $1] 78. 619. 6] 141/136. 834. I] 201195. 0145. of 241 253-2103.2 |} "21]2 
22021. 305. 3] $2] 79. 6019. 8] 42137. 6] 34. 4 21196. 0048. 9% 6254.23.40 2212 
2 3122. 3195. 6] 83] So. 5/20. 1] 43/138. 734.66 031197. 0049. 1] 631255.2163.6| 2312: 
24|2 Ze 3125+ 3] $4] $1.5120.3] 44/139. 7] 34- 5] 041197- 9149-4] 641256. 2163.9 2412 
25124. 2196, o 85] 82. 5 20. 6) 451140. 7[35-1] 5/198. 9149. 6] 651257. 1164.1 2512. 
26025. 206. 3] £6, 83. 420. 8] 46141. 735. 3] 06/199. 949. 9 661258. 1164.4 26%. 
27126, 2156. 5] 87] 84.4211] 47142. 6035. 6] o7]200. 850. 1] 671259. 164.6 27120 
2827. 2006. 8] 8&8] $5. 4121.3] 48143. 035. 88 08201. 8050. 3] 6869. 064.9 28127 
29125. 1107. of 89 $6.4\21.5] 491144. 6036. 1] 09202. 8050. 60 69261. 065.1 29028 
39129. 1127. 3] 90 87. 321. 8] 50145. 36. 3 10203. 850. | 70262. oſoʒ, 529 
31030. 17. 5] qi} 88. 3022.0] 151/146. 536. 5] 2110204. 751. 1] 2711262. 9165.6 31429 
211.77. 7] 92] 89. 3122. 3 52147. 5130. 8 121204. 7551. 3] 721263. 9165.8 32130 
33132-0128. of 93] 99.2(22.5] 53/148, 5137.0] 131206. 751. 51 731264. 9166.1 33131 
3+) 33- 9j95. 2] 94 91. 2122.7] 54149. 437. 3] 14207. 6151.8 741265. 9|66.3 34132 
353008. 5} 95] 92.2 23.0} 551159. 4137-5] 15 208. 652. o 751266. 8065. 35[33 
39/34-9 28. 7] 96] 93. 123. 2J 56 151.4037˙7 16209. 652. 3 761267. 8066. 34 
37135. 9129. of 97] 94. 1023. 51 57/152. 3135.0 17210. 5152. 5] 774268. $67.0 35. 
3836.9 123.7] 580153. 338. 2 18/11. 552. 80 58,269. 767. 30. 
39 7. 8 1124.0 39154. 338. 5 191212. 5153-0} 79 270. 7107-3 37. 
40 3 8ſog. 024. 21 60 155.238. 7 20213. 5153-2 80/271. 7167-% 8 
41% 8ſog 9 101 98. 024. 4 1611156. 2 39. o 221214. 4 53.5 281/272. 616%.0 $9. 
42 40. 810. 2] o 99. 024. 7] G2[157, 239.2] 22215. 453.7] 82 27 3+ 6165.2 +2. 
43/41. 7110. 4 03! 99. 924.9 63/158. 239.4] 231216. 4/54. of $3 274.6068. +. 
44142. 315; 6 og 100. 925. 2] 64/159. 139. 7] 24/217. 3154-2] 84/275. 6160 97 
45 43.510. 9 85101. 925. 4] 65160. 1039.9] 251218. 354.4 85/276, 5169.0 +3- 
4644. 6|:1.1} oGſ[to2, 8025. 71 660161. 1040. 2 2619. 354.7] 86 277.50 + 
47145. G]i1l.4 71103. 8125.9] 671162, 0040. 4 27,220. 3154-9 87/278. 5/69-5 . 
48 46. . 60 o8[104, 8/26, 1] 680163. 0040. 2821.2 55.2 88/279. 4/69: 46. 
49/47-5 1.9 og}105. $126. 44 691164. 0040. 9] 29222. 2155. 4 89/280. 4/69-9 47. 
50048. 5112. 1 10[1006, 7026. 6] 70/164. 941. 1 30 223. 255.7 20.281. 4/79 1 
5 49. (2, 31 1111107. 726. 9 1711165. 9141.4 231/224 1155.9] 291282. 3179-4 49. 
5250. 512 6] 12108 7127.1] 72166. 9 41.6 32225. 56.1 92/253. 3 139. 2 
53151. 12. 8 131109. 0127, 3 73/167. 9/41 9 33226 I 56.4 93 284.3 51.2 
5452. [13.1] 1410. 6027. 66 741168. 8042. 1 34227. 0056. 6] 94.285. 2.2 
5553. [13-3] 15/11. 62. 80 75/169. 8042. 33 35228. 0 56.9 95286. 53-1 
5654. 13.66 16112. 6028. 16 76170. 8[42,6] 36229. 0 57.1] 961287-2 424 1 
$7155- 4113. 88 1713. 528 3] 971171. 7142.8] 37/230. 0/57. 4 9712852 2-1 
5 56 4. 0 18|114. 5128, 6] 780172. 743. 1] 3812 30. 957. 6] 9802 89. 56.0 
797. 4 ] 19115. 5128.8] 79173. 7043. 3] 3902 31.957. 8] 990290. 1-0 
65155. 4. 1200116. 4129, of 80174. 6043. 6] 240[2 32 9/58. 1 _ 300[291-! 59.0 
121 [Dep] at Diſt|Dep. Lat. Diſt Dep. Lat. Diſt Dep. Lat. Diſt Dep. Dep 


for 756 Degrecs. 
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TarLE III. Difference of Latitude and Departure for 15 Degrees. 


pid Lat. Dep Diit Lat. Dep Dit] Lat. Dep Diſt! Lat. eh Dil Lat. Dep 
ol 0/00. 3 611 58. 95. $0] 12:]116.9]31. 3] 187174. 46. 8 2411232. 8162. 4 
| z(o1. g[00. 5 62 59-gyj16.of 22/17. 8031.6 8275.7 422 33. 7/2. 6 
$102. y[90. 8 6; 60. 916. 3 2 118.5 31 8 831176. 847 4 4312 34 7162.9 
403.91. 64/18 % 24/71. 8132.1] 84/177. 7047.6 441235. 7163-1 
Jog. 801. 3] 65 2. 8. 8] 251:20.7132.4] 8,78. 77.9] 45½36. 663. 4 
605. 801. 61 66] 63.77. 1 24/121. 732.6 85/79. 78. 46237. 6603.7 | 
| -|06 $lot. 8 67] 04-7117. 3 271122. 7132.9 87 180. 6.8. 4 47 238.6163; 9! 
$107, 7102.1] 68 65.7 17.0 28/123. 633.1 851181. 648. 7 451239. 5194.2; 
9108. 7102. 3 69 66. 6/1 1.9] 29 124. 633-4 891182. 6148.9] 49,40. 5164. 4 
Liege. .J. . 1] 30 2 [ee 
[10.612 5] 7 68.6115. 4 2 ol bes . 5133-9] 197/184. 5149.4] 251 242. 4%5 o 
u 613-1] 72] 69. 5115.61] 32/127. 5134.2 | 92/185. 5149.7 | 5243. 405. 2 
| 13112. 60/03-4] 73] 79. 5 18.5 3,128. 5134-4] 931185. 4149.9] 53/244. 465 5 
| 1463.53.61 74] 71 Ihe $41129- 4534+ / 94187. 4 9. 2 54245, 3105+ 7 
15114. 5%. 9 75} 72-4 19-4] 35/0. 54.9] g5itt88.41,0.5 551246. 3166.0} 
16115. 5104+ 1 76 73.41%. i Jo \1 31.41 35+ £ 960189. 3159. 7 560247. 3106 31 
17116. 4194+ 4 77 74- 4119-9 371132. 3 35.5 97190. 3/510 57 248.2 656. 5 
18117. 4194+ 7 781 75. 320. 2 381133. 3] 85+ 7 98191. 251.2 £81249. 206. 8 
19118. 4104-9] 79] 76. 3 20. 44 39/134. 33%½/0[ %. 2 5 5} 59%. 207. 0 
70.19. 35 1] 80 77. 3129-7] 4/138. 26. 2 200 193.2651. 8J Goiz51. 1167. 3 
"21120. 305. 4 $1 78. 2 21. 0 141136. 2 30. 5 201 194. ils 0 201252 18 
12/21. 205. 7 $2] 79. 221.2] 42137. 236.7] 02193. 152. 3 620253. 1167.5 
23142. 2 06. o 8, 80. 221. 5 43138 1137.0 03 196. 1152.5 631254 ol6% x | 
2403. 2106.2] $4] $1.1[21.7] 44\139.1137-3] 04 197. 0052.8 641255. 0168, 3 
2524. 106. 5 85 82. 1022. o 451140 1137.5 053/198, 0053.1 651256. 00K. 6 | 
26125. 1106. 7 86] 83. 1022. 3 46,141. 5137-8 06 199. 0053. 3 6612 56. 9 58. 8 
27026. 1007. [ 87 84. 0022. 5 47142. 38. 07/199. 9153-6 67257. 949.1 
2827. 0107. 2 88 85. 22. 8 1 9 © $8.3] 03 200. 953.8 5058.7. 4 | 
29125. 0197.5] 89 86. 0023. 0] 40/143. 9135-6] 9201 9134.1] G9gi259. 199-04 
| V 29. 0107. 8 90 86. 923. 3 506144. 0 38.8 10202 $154 31 7091260. £149.94 
31]29- 9198.0] yi] 87.9123.6] 1511145. 8$]39-1] 2111203. 8154.6] 2711261. 870 7 
5 32139. 908. 3] 92 88. 9/23. 8 52/146. $139-3] 121204. 8154.9] 5721262. 7170.4! 
.es. 5} 93] 89: $1241] 53147. 5139-6] 13/205. 758.1] 731263. 7179.7 
34132-8108. 8] 94] 9. 8124-3] 54148. 7% 14/206. 7/55. 4 74/264. 7/70. 9 
133: $109.1] g3] 91. 8124.6] 55149. 7142-1] 15/207. 755.6] 75265. 671. 2 
09. 31 96 92.7124. 8 56150. 7 42- 4 164208, 6153.9] 76 266. 671.4 
09.0] 97 93- 71251 571571 6 49.6] 17209. 656. 11 77 206. 6071.7 | 
09.5] 98] 94. 7125.4] 5852. 6140. 9] 18 210. 6 56. 41 78 255. 571.9 
10. 11 99 95.25. 596183. 6 41.1 19.241. 5159.7 79 26g. 5172-2 
10.4 109 99.6 25.9 60/1 54. 5142+ 4 20 2 2. 56. 9 80 2.322 
10. 61 101 97. 6026. 11161155. 541.7221 213. 5157-2 | 2811371. 4173-7 | 
10. 9] oz] 98. 5126.4] 62{156. 5141-9] 22 21.7 54 82272. 473. ol 
11.1] oz] 99. 526.7] 63 157.442.223 215.4577 81274. 4173-2] 
[1.4] o4[100. 5126.9] 641158. 4142-4] 24 2-6. [358.0] 84274. 173-5] 
11.6] 05/101. 427. 2 651159. 4 42.7] 25 217. 3]58.2] $5127 3073. 8 
11.91 06/102. 4/27. 4J 660165. 3143-0] 26 218. 3158.5] 86276. 2174.09 
12 2 71103. 427.7 671161. 3143-2 27 219. 3158. 7 8712732 74.3 
12.4] 08j104. 3028. 0] 681162. 3143-5 28 220. 2159.0 880278 21/4. 5 
12.7] o9[I05. 328. 214 691163. 2 43.7J 29 221.259. 3 59279. 1 74.88 
12-9]_ 101196. 228. 5] 70/164. 2/440] 30 232: 2/59: 901280. 1175.0] 
13-2] 1111107, 228. 7 171/165, 2 44. 3 231223. 59. 8291281. 1175. 3} 
13. 5J 12/108. 229.0] 720166. 1451 32 224. 5. of 92282. 0075. 6 
13-7] 13j109.11[29. 2 731167, 144.8 331225. 1159. 3 931283. 0075.8 | . 
14.0] 14/110. 1029. 5 74168. 145.0 34726. 00/0. 6 94284. ©} 76. 1 * 
14.2 151111. 129. 8 75/169. 045.3 351227. oho. 88 9584. 976. 3 1 
14.5] 1612. 030. 0 76/170. 0 45. 5] 3228. 0057.1 6265. 9176.6 "it 
14.3] 17 113. 0 30. 31 77171. 045. 8] 37,225.9]51. 3 971286. 9176.9 4 
15.0 18014. of 30. 5 78/171. 9146.1 3629.9 61.6 98287 8077 lt | | 
81 191114. 9! 35. 8 79/172. 9/40. 3] 39% 30. 961.9 g9{288 8177-4 8 
120115. 31. 189173. 9146. 6 240231. $162. 1 300 89. 8,77. 6 13 
Lat. Diſt[ Dep. Lat [Dit Dep. Lat] 11. Dep. Lat Diſt Dep. Lat. 4 
for 75 Degrees. A 
— — — — —— 1 


— 


hs = = + _ 
6. 
p r . — 
* Ry = * — 


-” 
— 


bitt Lat|Dep|Diſt| Lat. |[DepDi&t| Lat. DepſDiſt Lat. Dep. Di La B. | 
| 1101, ooo. 314 61 58. 616. 8] 121716. 33. 3 5 15 . — — = 
| 2001. 900. 6] 62 59. 6017. b 1 2 198 ＋ e 
| 3,02. 9joo. & 63 60. 617.4] 23/118. 2 $ 75.905 phe rag] 
« il als 7 3 «2133-9 $1175- 9159-4] 431233. 6167.9 
4003 4] 1. 5117.6] 24/119. 234. 2] 84176. 8050. 7 441234. 5 
| 5 04. 801.4 65 62. 517. 9 251120. 134.4 85177. 851. o 4 "34+ 7 
6103. $01.7] 66 63. 418. 24 260121. 134.7 86/178. 8051. 3 . 
Sol 1 8 2 a, 31.3 460236. 4067. 
706. 701.9 7 64. 418. 5 27122. 1035. of 877179. 751.5] 4712 
c 8/07. 702. 2] 68; 65. 4/18. 7 28123. 035. 8118 Fr 
| 7 3.0035. 3Þ 88180. 781. 8} 48/238. 468 
| 9,08. 7 02.5 60 66. 319. of 29124. 035. 6 89118. 7152.1] 492 JK 
. . A e 2 67-3 19. 3} 301124- 91 35- 8] 90/182. 652. 4 50 1 . 
1110. 603. 0] 71; 68. 219.0 13125. 936. 1191 183.652. 6] 251 2 
| 12j11.5/03-3] 72 69. 219. 8] 32[126.9136. 4 920184. 552.9 2 * 4 
1312. 5103.6] 73! 70. 220. 1] 331127. 8036. 7] 93/185. 553.2 53 7 „ 
1413. 503.9] 74] 71. 1020. 44 34128. 836.9] 94186. 553. 5 1 
| 1514. 4j04.1] 75] 72. 120. 7 35129. 8037.24 g5{157.4153.7 55 245: 10 
| 16j15. 4/94. 4] 76, 73-0{20.9} 36j130. 7 37. 80 9606188. 4/54. o] 56 e 
1716. 3104. 7] 77 74-0j21.2] 37131. 737. 8 97189. 3054. 30 57 247, 00. 
187. 303. 0] 78 75.0[21.5] 38/132. 6038. o 980190. 354. 6 58 246.001. 
19913. 3125-2 79! 75.921. 8 39133. 6038. 34 99191. 354. 8] 59 248.9 
20/19. 25. 5Þ 80 76. 9/22. of 41 34. 6/38. 6] 22/192. 2 55.10 601249. g)7 
2120. 2105. 8] $1) 77. 922. J 14t]135. 8. 201191. 21556, af 261125 
| 22121. 106. 1 $82] 78. 8022.6 42 i © O2 Ko +4 - 14 
23022. 106. 34 83] 79. 8122.9] 43/137. 439. 44 03195. 155.9] 630252.8 
240 3. 105. 6] 84 80. 723. 1] 44/138. 439. 7] 04196. 1 56, 2 64253. . 
25124. oſ06. 9] S5] 81. 723. JJ 45/1 39. 4140.0 05197. 0056. 5 65254. 
20% 5. 0107-2] 861 $2.7 23-1 460140. 3 40. 2 061198. 0 56. 8| 661255. 
27 a, 0005+ 4 87) 83. 6024. of 47[141. 3140.5] 07/199. 0057. o 67256. 6 
2802 907 5 88! 84. 6024. 3} 48/142. 240. 5] 08199. 957. 3} 680257. 6 
3927-9 08, of 89] 85:5124-5] 4943.24. 09/200. 9137. 6] 69/258. 5: 
_ 2 1 — $1243 col1.44. 2141.3 10/201, $157.9 70259. 517 
31129. $109, 5} 91 7. 5125. I] 1511145. 1141. 6f 211 202. 8|58, 2 2711260. 5174. 
32030. $jo8. 88 92] 88. 45. 44 52/146. 141.9] 12203. 8 38.6 711287. 
33031. Jſog. 1 93 89. 425. 6 53/147. 142.2] 131204. 758.7 730262. 4 5+ 
34} 3=- 7199. 4] 94] 993/25. 54 148. 042. 44 14205. 7159. © 74/263. 3175 
35133- 6109. 66 g5} 91. 3126.2] 551149. 0142. 7 15 206. 6059. 3 751264. 375. 
36034. 609. 9 96 92. 326. 5 56/149. 943. [ 160207. 659. 5} 761265. 3176. 
3735. 610. 2] 97 93.2026. 7 57/150. 943. 3] 17208. 6059. 8 771266. 2170. 
38036. 510. 5] 98 94.27. [ 580151. 9043. 5 18209. 560. 1] 780267. 2176. 
39037. 5010. 7] 99] 95, 2027. 3] 59152. 8043. 88 19210. 5060. 44 791268. 2170. 
58 35. 4/1. 0 1000 96. 127. 601 53. 8044. 1 20211. 4060. 6] 80/269. 177 
4139.4 11.3 101] 97. 127. 8] 1610154. 7144. 4J 2210212. 460. of 281/270. 177. 
42149. 411. 60 o2| 98.0[28.1 21155. 7144. 6} 220213. 461. 2] 82271. o 
43141. 311.9] oz] 99. 002 8. 44 63/156. 744.9] 230214. 3061. 5] 830272. 
44142+ 3112-1] o4j100. oſz 8. 7] 64157. 6045. 2] 24/215. 3061.7] 84.273.075 
45043. 3012. 44 5/100. 9028.9] 65/158. 645. 5] 25/16. 362. 00 85[273-9/7% 
4644. 212. 7] 06101. 929. 2] 66/159. 5 45.7] 26217. 262. 3 86ſ(274. 97, 
47/45¼ 213. [ ©7102. 8129.5 Be 27218. 262. 6] 87275. 8079 
48146. 113. 2] o8$[103. 8029. 8] 68161. 546. 34 28219. 1162. 88 85 276. 8079. 
49147-1113. 5 09/104. 8. 30. o 691162. 446. 60 29220. 163. 1] 89277. 807. 
50 4113.80 10105. 7130. 3] 70163. 4/46. ]. 3 221.163. 4 900278.7 N 
51149. 0 141 111106. 7 ＋ 1711164.4 47.1 231 222. 0063.7 "2911279." 
52 50. 014. 31 121107. 6130.9] 72 165. 3 47.4] 321223. 0/63. 9 92/280.6 
53 50. 9 14.6 130108. 31. 1] 73166. 3147.7] 331223. 9164. 2] 931281-9 
54\51.9]114.9] 14109. 6031.4] 74 167.2;45.0 350224. 964. 5] 94 282.6 
55 52.915. 24 15/110. 5031. 7 75/168. 2 48.2] 35 225. 9064. 8 951283. 5 
56153. 8015. 44 16/111. 5032. 00 760169. 2 48. 5] 36/226. 8065. 0 96/284. 5 
5754. 8015. 7] 17/112. 5032. 2J 77/170. 148. 8 37227. 8165.3] 97 285.53 
58055. 716. of 18/113. 4132.5] 7 171.1/49-1 380228. 7165.6 g8|280. 4 
59/56. 7116. 3] 19/114. 4032. 8] 79/172.0 49-3] 39229. 765.9 99 287. 4%, 
50 57.206. 5] 3201115. 33-1] 1817.0 49-6] 2430. 7/66. 1 300288. 
Diſt|Dep| Lat [Diſt Dep.] Lat. Diſt Dep. Lat Diſt Dep. Lat Diſt Dep. 


tor 74 Degrees. 


/ 


Tag III. Difference of Latitude and Departure for 17 Degrees. 


— 
— — 


Lat. Dep] Diſt) Lat. Dep¶ Diſtſ Lat. [Dep Din Lat. Dey] Dig Lat. Dep 
7161.00. 61] 58. 317. 8 121 115.735.4118, Lak! Loads $4114.30 5170. 4 
| 2101, 9100.6] 62 59. 318. 1 22116. 735.7 82 174. 0153-2 42231. 4/70. 7 

3002. 900. 9] 63] 60. 218.4 231117, 6036.0] 83175. 053. 5 43232. 471. 0 

4/93. $j01.2] 04) 61.2[18.7] 24/18. 6036. 2] 84/175. 9153. 8 441233- 3|71. 3 

5104. $101. 5 65 2219.01 25119. 5036. 51 85/176. 954. 1 45234. 3174.6 

605. 7 01. 8 66, 63.1019. 3] 260120. 5036. 8 86j177 9154-4] 46235. 2 71. 9 

706. 702. 0 67 54.4119. 6 211121. 4137.4] 871178. 8154.7] 47½36. 272.1 

8/27, 6/02, 31 65 65. ol19.y 2822. 474] 88/179. 855.0 48237.1 72. 4 

o. 6/02 6] 59 66. c 20. 2] 29123. 4037. 7] 8g 180. 7 332 49/238. 1 72.7 

2/2-602:.9)_72] 66.9/20.5 | 0124: 313% of _gſ1B1. 7155: 5] 388.28 
11 10. 5/03. 2 74, 67.9/20.8] 131/125. 3138. 3 1910182. 6055.8 251 240.6 

12. 503.5] 72, 68. 5121.0 32126. 238. 6] 92183. 6056.1 52 241.03. 6 

13012. 403. 8 73 69. 8121.3 33127. 2 38. 9 93 184. 6/56. 4 53,241.9 73.9 

14013. 4/04. 1 74| 70. 821. 6 34/128. 3 39. 2 94j155-556.7 54242 9174.1 

15/14- 3194-4] 75} 71-7/21.9] 351129. 9.5 951186. 5 57.6 $51243- $174. 4 

16115. 3104.7] 76 72. 722.2 35/130. 0.39. 8 961187. 4/57. 3 56244 8174. 7 

17116, 3jo5.o] 77 73.6022. 51 37; 131. 0040. 01 97 188. 4 57. 0 57575 8 75.0 

19117. 2/95. 3] 78 74.6j22.8] 38 Il 32. 0040. 3] 98/189. 3197-9] 58/246. 7175. 3 

19018. 205.6] 79 75. 523: 1 39132. 9/0. 6] 99{190., 358. 2 5912.47 775. 6 

20019. 21 0 76. 523.4 40 33.9. 9 200 24.258. 5 2 6 75-9 

ho. 1 1106. 1 81 77. 523.7 141 137.8 1.21 201 192. 2058.8 261 449.6 76. 2 

22021. ob. 44 82 78. 4/24.0 42/135.8 11.5 ©21193-2,59.0] 62/1250, 5 76.5 

23/22. 0/06. 7 83 79. 4j24- 3 43136. 7 41,8 031194. 159. 3 631251. 5 76. 8 

2422. 9/07. 0[ 84 $0. 324.61 44 137+ 7142.1] 84/5159. 6] 64052. 477. 1 

53.90%. 3 85/ 81. 324. 8 45/138. 5/42 4] 95 156.059. 9 65253. 4177. 4 

26/24.9/07.6] 56 82. 225. 11 46 (139. 6142.7] 86/197. 0160.2] 66/254. 4. 7 

27125. 500). 9 87 83. 2/25. 4 47/140. 6 43. o 7 197. 9/60. 5 67 255.377. 9 

28/26. $108. 2 58 84. 125.7 141. 50/43. 3} 0898. 9/60. 81 68 256. 378. 2 

29 27 7108. 5 59 85. 1/26. 0 — 96% 998% 1 657.278. 5 

0/28. 7 | 08.8] 90 $6. 1126. 3 — 50/143. 4/43. 8 10 200. $161. 4 701258. 2 78. 8 

31/29. 29. 6.09. I 91, $7. 0/26. 6 151144. 4 44-1] 211|201, 861.7 2711259. 1179. 1] 

72130. oh. +] 92; 55. 026.9 145.3044. 4] 221292. 7/62. 0 7226.1 79. 4 

1. 609. 66 93 88.9 27.2 531146. 3044. 13203. 762. 3 723261. 79+ 7 
5199-9] 94] 89.9/27.5] 541147. 3145.0] 141204: 6162. 6 741262. 0.80. 0 
10. 2 95! 90. $125. 8] 55/148. 245. 3 15 205. 6162, 81 75 263. oſ So 3 

10. 51 96 91. 8028.1 $6/149. 2145.6] 16 206. 5163.1 760263. 980. 6 

10. 8] 9792.8 28.4] 57/130. 45.9 7207. 563.41 77 264. 9 80. 9 

14 98/93. 728. 6 58/151. 1046. 2 18 208. 563. 7] 781265. 8 81.2 

11.44 99 94. 728.9 59 152. 046. 51 19 209.4064. 91 79266. 8081 4 

11.2 100 2522.2 60153. 0146. 8 94219. 464.3 r 81.7 
12.0 101 96. 629. 5 161 154. 00471 221 211, 3064. 6 2810268. 7182, 0\ 

2112, 3] O2| 97. 529. 8 62 154.947. 41 220212. 354.9 $2 1269, 7132. 3 

Saks 03 98. 5130. 1 03/155.9 +7. 6] 23/13. 265. 2] 83270. 6/82. 6 

* 2.9 04] 99-4130. 4 64/156, $147.9] 241214. 265.5 97 71 6 82. 9 
43. 913.24 05 109. 4/30. 7 05/157. 8 $5.21 25 215. 2/05. 8 5272. 5.87. 2 
44. 9/13. 4 06101. 431.0 660158. 748. 5 26 216.1166, 1 86273. 5 83. 5 
. 93.7 07 M2 671159. 7148. 8þ. 27 217.166. 4 71274. 483.8 
1% 14.0 081103. 331.6 680160. 6 19. 1[ 28/218. 0 66. 6 275. 484. | 
11 914.3 er. 2[31.9 691161. 6 49.4 29/219. 0 66. 9 89276. 1 84.4 
147. $'1 4.6 19105. 2 32-2 70162. 6 49. 7 BS 219. 9167. 2 90277. 3 84.7 
1 ow 111106. 132.4 171/163. 5159. 0 231 220. 9 67. 5 277 278.385. 
179: 7115.2] 1210. 132.7 72 164. 5050. 3] 32221. 8 67. 8 92279285 3 

350.7 7 15. 5 130108. 1 33. o 73 165.4 50. 6 33222. 868. 1 93502 280, 285. ; 

bh 6115.8 "+1109. 0133.3] 74/166. 450. 9] 34/223. 8/68, 4 94281, 185. 8; 

8605 52.6 16.5 5110. o 33-6] 75/167. 381.2 350224. 768.7 95.282.186. 1 

5 53.5 16.41 16 110.9/33-9 761168, 351.4 36/225. 7 69. 96/283. 0186. 4 

34-5 16, 7 17/111.9j}34,2f 77 169. 351. 7 37 226. 669. 3 57 284. 86. 7 
8 517.0 18 112. 8034. 5] 78/170. 262. 0 38227. 6,69. 6 98 285. 0/87. 0 
117.2 19113. 8034. 8 79 171.2 52. 3] 39/228. 569.9 99/285.9 $7. 3 
| 555 — 17:5 . 7138. 1 180 17S, 152.6 140/229. 5 70. 2 300 286. 9 87. 6 
ep Lat. Diſt Pen. Dep. [Lat, Diſt ep. Lat. Diſt Dep. er loialDa, Dep. Lat 
tor 73 Degrees. 
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Tarrx III. Difference of Latitude and Departure for 18 Degr 
5 _ ez. 


128 | — — En, — 9 —— — 
Diſt Lat D ; . 
Diſt] Lat|DepjDift| Lat. [DepDif|Lat. |Dep]Diſt| Lat. [DepſDidt] Lat, Den 
1 _— G1] 58. 018. & 12115. 1] 37. 4f 1811172 ITS» 
2 19 90. 6] 62] 59. 019. 2] 22016. 0037.7] 82173. 1050.2 * 229. 2174.5 | 
| 8 2 63] 59. 919. 5 23117. 038. o 8,174. 0050. 5| 4 230. 1174.5 | 
4 oſs 2] 64 60. 919. 5] 2117. 938. 3} 84[175. 01,0. 43131-1951] | 
54.9 Ol. 51 G5} 61. 8020. 1 25118. 38. % 85175. 57 14 2 32, 0/75, | 
1 7101.9] 66 62. 8020. 44 260119. 8038. 4 86 178.5 57.5 "”* 233.0175, | 
| = 02. 2J 67] 63.7]20. 7] 27/120. 839. 2 7177. $157. ; 2335. 976.0 
ö 7. 6102. 5] G68] 64. 721.0] 28/121. 739. 60 88178. 858. 1 | "= *3++ 9176.3] | 
| 908 258 69 65. 6621. 3} 291122. 739.9 891 79.7 58.4 4 [2 35- 2176.6 
| 19499. 5193-10} 70 66. 21.6] 30/123. 604. 2] goj15o. 5158. 5 „ 10 
11s. 503. J 71] 67. 521.9 13/124. 6 5. 5 — |= 7 
by « 0149.5 11181. 659. 7 — 11 
| 12 [41037 72] 68. 5122.2] 32125. 540. 8 oaleba, 6 ef Tr 230. 7177.6 12 
1302. 4]04. of 73] 69. 4/22. 6] 331126. [41.1] 930183. 5]59-6 $1239: 7171-9 1 
14]13- 3/943] 74] 79- 422-9] 3/1274 J 94/154. 5159-9 531240. 6178,; 10 
1 Ay 3 04. 6 751 71.323. 2 35 128. 441.7 95 185. 460 3 54 i 15 
* +3 : dh 76| 72. 323. 5 36/129. 342.0] 96186. 00. 506 Is 16 
4 add ogy 77 73-2 23. 8 37/130. 3042. ] 97187. 30. 9] ; 2 17 
I e 78 74. 2124.1 380131. 242. 6 98|188, 3067. 341%“ 18 
191! fd xd 79] 75-1124. 4] 391132. 2143-0 3748. 2617 12 19 
2019. 0j06. 2} 89} 75.1 24.2] 401133: 1143: 3 200190. 2%. — 17 — 
| 6: 20. f 51 $1] 77-0[25-0f 141|1 34-1143. 6 2011191, 2162.3} 2611248 2 
Wo 8 82} 78. 0025.3] 42/135. 143.4 02192. 1102.4} 62 14 7 
| a 83] 78. 925. 66 43/136. 044. 2} 03193. 1162.7] 63 2 23 
24 3 . 07.4 84 79.9 26.0 44 136.9 44. 5 041194. 0 63.0 NN 24 
" YE wi 4 7] 85 80. 8026. 3] 45/137. 9144. 81 o5[195.0 63. 3] 65 CS 25 
26/24. 7/08. of 86] 81. 8026. 6 46138. 8/43. 1] 06/195. 9%. 66 8 at 
1 . | 82. 726.9 47/139. 845. 4] 071196. 9/64. o 67 = : 1 
8 «74 $88 7 27.2] 48140. 7045. 7] o8[197. 864. 68 41 | 25] 
A 89] 84.627. 5] 4941. 7140.9 091198. 8864. 6] 69 235.8 [2 
| 39128. 510g. 3Þ go] 85.6|27.8] 50142. 7/46. 3} 10199. 7164-9} 70 256.8 Taq 
| - - 31129. 5109-69" 91/86. 5 20,1 151 43. 6146. 7 211 200. 65.2 2711255.7 3 
32 30: 4129-9] 92! $7. 525. 4 52144. 6047. of 12[201. 665. 5} 72 256.9 32 
9” 2 Ha 3] 88. 428. 7] 531145. 5147-3] 131202. 665. 80 731259.6 ” 
| 21 he wy - 94 89. 41/29. Of 54/146. 5147.6] 141293. 5 66.1 74260. 0 — 
y 33 3 4 . 95 90. 3129. 44 55/147. 4[47-9] 151204. 5 66.4} 75261. w 
36] 34- 2111.1] g6] 91.3129. 7] 56/148. 4[45. 2] 16120 66.71 56 Mb 
3735.21 , e | $. 4490-7]. 7612031 37 
. - 41 - 97] 92. 2130. 0 57 149. 3148. 5] 17206 4107-1] 77126 0 
38036. 11. 7] 98] 93. 230. 3 lx c 112991 33; 
| 3 3 3] 58150. 3148. 88 18 207. 3167-4] 78126. 
3937. 112.1] 99 94. 130. 6 ö ks ah 39/3 
Aa. Z 50151. 2049. 1 19208. 3167.7] 791265. 3 40 
4013 0 « 4} 100} 95. 130. 9 601152. 2 49.4 200209. 2 68. o 80 266. 3 Sa |, 
| 41039. 12.7] 101] 95. 1031. 211611153. 149. 7 221 210. 2168. 312810267. 75 
4239. 913. [ of 97. 0031. 5] 620154. 1050. 1] 22211. 1068. 82/268. 11 
43030. 9113. 3] oz] 98. 37.8 el ; | 34 
9 631155. 050. 44 230212. 1068.9 83269. | 
4441.8 13.6 og 98. 2. 1 156 7 f a - 4/4 
| 9 640156. 0050. 7] 24/213. 069. 2] $41270-1 J 
45142. $]13.9} 05] 99.9, 32 1156. 903 this x 4 Wet x 
$Þ+ yh 99. 9 32. 44 65/156. 951.0] 251214. 069. 5] $851271-0 
4243+ 7 Ago 00. oo. 8132.8}, 661157. 9151. 3 260214. 969. 8] 86272. 0 
47144: 7114+ 5] 7er. 5133.1 71358. $]51.6]} 27215. 970. 1] $7272 980 4 
48145. 6114. 84 08102. 7 15 - 4 a HA bd 
125 33. 4] 680159. 8051.9] 28216. 870. 5} 851273-9 
2 a o91103-7]33-7] 69/160. 752.2] 29217. 8070.8 8902748 
L |= _ 101104. 6134.0] 70 161.7]52.5] 30218. 771. 1 90 275. $159 7 
51048. 515. 81ſt. 6 16 GY wi pr IN s 
52149. 5j16.1] 12 106. vi $s & ** 1251 2311219. 7171.4] 29! 276. 79 " 
* 534 72163. 6053. 1 32/220. 6071.7] 92171 335 
5359˙4 + 131107. 5 34.9 9531164. 5153-5] 33221. 6|72. of 9312750199 51 
$4151. 4116.74 14/108. 435.2] 74165. 5[53- 8] 34222. 5172+ 3] 84 2=9. 6199 $35 
55152. 3117.0] 15]109. - en the a" | 4 
E ' | 9.4 35.5 751166. 4 34-1 35/223. 572. 6 95 280. 50 > 
5653˙3 12 16110. 335. 8] 76167. 454.4] 361224. 472.9 952815 
A 28h; 4 | 17111. 336. 2 77 168. 3054.7 37225. 473. 2 97 282.4 
50 2 7:9 180112. 236. 5] 78/169. 3]55- of 38,226. 3173+ 5 981283-4 
A 1 113.2 36. 88 79/170. 5. 3] 39/227. 3173-9] 99125433 
5 ini. 1801171. 2 56,6 240 228. 2 74. 2 300 285 3 9² 
DI Lati Dit Deo. Nr HOY (yen —_— 
iſt|Dep! Lat Diſt Dep. Lat. Diſt Dep. Lat. Diſt Dep. Lat. Diſt Dep. 


tor 72 Degrees. 


i La DepſDIR| Lat Dep bid Lat |Dep|Dil Lat DepſDit ear Dep 
100.900. 3| 61] 57. 7119.9] 121 114.4394 181/171. 1158.9] 251 227.9178. 5 
2001. 9.00. 7] 62 58. 620. 2] 22 115. 3139.7] 8272.1 59.3] 42228. 8/78. 8 
3,02. Sol. [ 63 59. 6/20. 5 23/116. 3 40. 0 83173. 0 59-0] 43/229. 779. 1 
403. 8 01.31 64/ 60. 5% 0. 8 24/17. 240. 44 84174. 0 39-9] 44230. 7 79.4 
5/04. 701. 66 65 61. 521.2 25/118. 240. 7 85/174. 9160. 2 45.231.679. 8 
6105. 702. 0 66 62.4/21.5] 26 119. 141. o 86/175. 9160.6 46/2 32. 6080. 1 
7,96, 6102.3] G7] 63. 321. 8 27120. 1041.4 7 176, 8/60. 9 47233. 580. 4 
$107. 602. 6 68 64. 322.1] 28 121.041. 7] 88/177. 761.2 45234. 5089. 7 
9/98. 502.9] 69 65. 222. 51 29122. 042. o 89178. 761. 5] 49235. 487.1 
| 10/09. 5/93. 3] 70] 66. 222. 8 30 122: 9142: 3 99179. 6161.5 $0236. 4 81. 4] 
"11110. 4/03, © 71] 67. 1123.1 1311123.9[42. 7] 191/180. 6,62, 2 2510237. 3 1.4 
12011. 3003. 9 7268. 123.4 32124. 8043. o 2 181,062. 5 520238. 382. 1 
132.34. 2] 73] 69. 02 3. 8 33125743. 3] 93/182. 562. 8 53.239. 282.4 
1413.2. 6] 74] 70. 024. 1 BY. 120, 7143-6] 94 1463. 54/249. 182. 
1514.2 1.9 75/79. 924.40 35 127.6044. ů0[ 95 184.463. 5 55024183. 0 
1615.05. 21 760 71.902 7 36/128. 6044. 3 96 185. 363. 8 56 242.083. 4 
17110. 105. 51 77 72. 8025. 1 37129. 5 44. 6 971186, 3'64. 1 
18/17.0195.g9] 78 T3+ 7125-4] 38/130. 5 14.9 98 187.2 64.5 
19118, o[ 95, 2 19] 74+ 7125.7 39]131. 4/45. 3 99 188. 1/64. 8 
20/18, 9106.5} 80 75.6 26. © 40132. 445. 6 200 189. 165. 
| 1 19.908. 51] 76. 626. 4 141 133 3145-0 201 199. 0,65. 4 
22/20. 8 07.21 82] 77. 5126. 71 42[134. 3046. 2. 0219. 0065. 8 
23/21, 7 7-5] $3] 78. 527. o 4335.2 46. 6 03191. 966. 
*4/72. 7197.8] 84] 79. 427.4 44136. 1046. 9 4192.9 66.4 
25/23. 6 o8. 1] 85) 80. 427.7 45]137-1/47.2] oz 193. 8/66, 7 
26024. 608. 51 86 81. 328.0 46 38. 007. 5 os 194. 867. 
27/25. 5108, 8] 87 82. 328.3] 47139. o 47-9] 07/195, 7/67. 4 
28/26. 5 og. 1] 88 $3. 2/28, 748/139. 9/48. 2] o8[196. 7167.7. 
| 2974/09. 4] 89 84.1129. 0 49/140. 948. 5 og 197. 6/68, l 
39128, 40g. 8 20 85. 129. 31 50141. 8048. 88 x5 198. 5 68. 4 
31.29. 3 10.1 91 86. 0/29, 61 1511142. 8 49-2] 211 199. 5168. 7 
2139. 3 10. 4] 92 57-0130. 0 $21143- 7149.5 I2|200. 469. 
331.1010. 7] gz 7 930. 3] 53/144. 19. 8 131201 469.4 
11.4 94] 88.9 30.6] 54145. 6050. 1 14|202 369. 7 
35133-l[11,4f 95 89.8 30.9] 55/146. 5/50. 5; 15/203. 3 70. o 
3634. 011.7 96 90. 8 31.3] 56 147.550. 8] 160204 2 70. 3 
35.012.097 91.731. 6 71148. 4/51. 1 170205. 2 70. 
35-9[12.4] 98 Hs 51149. 4[31:4] 181206. 1/71. 0 
36. 912.7] 99 93. 632.2 59 150. 3151.8] 19207. 71.3 
28/13. o 100 94. 5 32. 6 600151. 3052. 11 25 — 0,71.6 
38.813. 31 101 95. 532.9 161 152.2152. 4 221 208.9 72.5 
39. 713.7] 02 96: 433-2 620153. 252.7] 22 209. 9 72. 3 
3 40. 14. [ oz 97-4|33-S] 63/154. 53.1] 23210. 872. 6 
101.6014. 3 04 98. 3 33-9] 64/155. 1 33-4] 24211. 8 72.9] 
657 Os\ 99. 3134.2] 65/156. 0 33-7] 251212. 7/73. 3 
7515. 06 foo. 2 34. 5 66 156.954. 0 26213. 773. 6 
44 15. 07101. 2 34. 8 67 157.9 54.4 27214. 6 73.9 
145. 15 6] 0o8$/102. 1 35-2 | 681158, 8 34-7] 28215. 674.2 
40. 3/16 0 09/103. 135. 5 69159. 53.0 29216. 5 74. 6 
47:3/16. 3 2 104. 0035. 88 70 160. 755. 4 30217. 5 74-9 90 
5.24656 111 Tort 171 767.7 55.7 231 218.4 76.2 291 
$2149. 2 16.9] 12105. 9 36.5] 720162. 6056. 0 220219. 375.5 92 
9 571. Lire 36.8] 73/163. 6 56. 3 33/220. 375.91 93 
151.177.614 107. 837. 10 740164. 5 $6.7] 34221276. 2 94 
32.0 17.9 151108. 737. 44 75/65. $7.0] 35/222. 276. 51 95 
52.9 18.2] 16 109. 7137.8] 76 166. 457. 3 36 223. 1176.8] 96 
3.9 18. 6 17110. 6038. 1 771107. 3157.6 37/224. 177.21 97 
4. $18.9 18/111,6 38. 4 74 168, 3058. o 380225. 77. 51 98 
55-819. 2 12.112. 5038.7 79/169. 2 $8.3] 39226. 077. 8 99 
15% 7 19. 5 120 113. 5139.1 | 180/170. 2 58. 6] 140/226. 9/78.1] 300 
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1120. 9joo. 3] Gi] 57. 320. 9121 113. 7141. 4 181170. 1061.9 2412265) 7 Pit 
2101. 9jo00. 7] 62 58. 321.2] 22114. 6. 7] 826171. 062.2 421227, 4 * 1 
3002. 801. 0] 63 59. 221.5 213/115. 642. 1 830172. 062. 6 431228, z 37 1 : 
403. 801. 44 64] 60. 121.9 24/116. 5]42.4] 84172. 9 62.91 44 229.3 8; | I 
$1094. 7661.7 3] 61.1]22.2] 25117. 5142.8} 85/173. 8163.3] 45 230.2) 8; þ 6: 4 
6153.6 22.6] 26|118, 443.1] 86174. 8063. 6 461231, 2 11 = 
7196. 6 22.9] 271119. 3143-4} 87/175. 7164.0] 473.10 . AM * 
8107. 51c 23-3] 28/120. 3643. 8] 88176. 7/64. 3 480233. 0 * 1 
9008. 5 23.6] 29|121.2[44.1] 8977. 664. 6] 490234. 0 55.7 = 
10/09. 23:9__39]122- 2144. 5] 90178. 5165.of 302 34.9, 6. | 9 
11 3 131 123. 144.8 191 179. 5065. 3 251 235.9 5501 Ton 
6] 32124-0145. 1} 92180. 465. 7] 521236, x| 86, MY * 

of 331125-0/45. 5] 981.466. 0 531237.) 56, * 

31 34|125+9145- 3} 941182. 3066. 3] 54/238. 7 8.5 l3 

71 35/126. 9046.2 95/183. 266.7] 55/739. $1 1 

a 36/127. 8046. 5] 96/184. 267. 0] 56 240. 6 87.6 ly 

F | *3] 371128. 7146.9] 9g7/185.1167.4] 5741.5 $1.9 16 

o6.2] 78; 73. 306.7] 38/129. 747. 2] 981186. 1167.7] 580242. 4 80. 17 

96. 5] 79 74.27. 0 39130. 6047. 5] 99187. 0168. 1 $9124 3. 4468, 6 18 

06. 8 _ bo 75227. 41 40131. 6047. 9 200182. 9 68.4] 60244. 3 88g 5 

07.2] 81/76. 10 z. 7 141]132. 508. 2J 2011188. 9/68. 7| 267024535 

07.5] 82/77. 1028. 0 42/133. 4048. 6] 2189. 69. 11 62 246. 2] 89. 4 

07.9 $3] 78. 0028.4] 43134. 4048.9] 3190. 8069. 4 631247. 10 89. ws 

o8.2] 84 78.928. 7 444135. 349.2 04191. 7169.8] 64248. 90.3 "3 

o8.64 35] 79.929. 1] 45/136. 3 49. 05192. 6070. 1] 651249. o| go, "4 

o8. 91 86 So. 829.41 46 137. 249. 9 06193. 6070. 51 66/2 50. 0 91,0 25 

dg. 2 87/81. 8029. 8] 47/738. 150. 3 07194. 570.8] 65 250. 9 91,3 — 

og. 6] $8| 82. 730. 1 48/139. 150. 66 08195. 571. 1 68 251. 8 91. 1 

og. 91 89 83. 630. 4] 49140. o 51. 0 9196. 471. 51 69252. 8 92,0 

10. 3] 90 84.6 35.8 50141. 051.2] 101197, 371.8 702 53.792. 5 

10.6] 91] 85.5|31.1] 151][141.9;51.6| 211 198. 372.2 2710254. 792. 1 

10.9] 92 86. 5031. 5] 520142. 852.0] 120199. 272. 51 721255.6 93.0 pl 

ti. 3] 93] 87. 431. 8J $3/143.8 52.3] 13200. 272.8 731256. 5 93.4 5 

11.61 94} 88. 332.11 54 144.7 52.7 14201. 173.2J 74257. 5 95 - 

2.0) 95} 89. 3132-5] 551145-7 53.0] 151202.0/73. 5|, 7512584] % 

12.3] 96| 90. 232.8] 56/146. 6 53.4) 161203. 0173.9 7612 59. 4] 94-4 360 

12.7 97] 91. 233.2J 57/147. 5 53. 7J 17 ·03. 974. 2 771260. 30 947 15 

13.0 98] 92. 1033.5] 58/148. 554-0 18204. 974.6] 981261. 20 94. | 

13.3] 99 93-01[33-9] 59149. 454.44 19205. 8[74.9] 790262. 2 9.4 | 

3. 7] 190] 94.0134-2] 604150. 454. 7} 20j206. 775. 2] 80263. 10 g;.! | 

14.0] 101/ 94. 934.51 161/151. 3055. 1] 2211207. 7175.6] 2811264.1| 96.1 | 

14.41 2 95. 834.9 5201522 55.4] 22208. 6075.91 82 265. 0) 96. ; 

14.7] 03 96. 8035-2] 63/153. 255. J 23209. 6176. 3] 831265. 9 96 | 

15.0] 04 97. 7135-6] 64154. 156. 1] 24/210. 5146.6] 841266. 9, 97.1 

15.4] O5| 98.7]35.9] 65/155. 56. 4] 2511.47. 0] 85/267. K 975 p 

15.7] 06 99.6139. 3 66:156. 0 56. 8 26212. 477.3] $61268.8 97 a 

16.1] 07/100. 5036.6] 67156. 957. 1 27213. 3077. 6] 87269. 7 9 * 

16.4] 08 101. 536.9] 680157. 957. 5 280214. 3078.0 880270. 6 95 IP 

16,8] 09 102. 437.3] 69158. 857. 8] 29215. 2178.3] 891271.6 gb. ; 

17-1] 1. 3K 7.6 7059.78. 1 30[216. 1 78.7 _$9272-5| . 50 

. | 3 7 . . , 5114 

. 2 b 4 
5349. 8118.1] 13j106. 2 5 4 
54 50. 18. 51 14107. N 9405 
55 51.718. 8J 15 108.1 . $ 
5652. 6 19. 2 16/109. o . . $ 
57 53.619. 51 17/109. 9140. . 5 
58 54. 5119.8] 18110. 940. ' 5. 
59 $5. 4120.2 19111. . . . : 5 
605 4130.5] 1200112. $[41.0 . 400225. 5 3002 81.9 50 
Diſt Dep Lat. Diſt Pep. Lat. |Diſt| Pep. Tat. Biff Dep. Lat. \Diſt| D ep. L 
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Dep! Dep Dilt! Lat. =p Diſt Lat. |Dep Lat. Dep - 
00. 4 711.9121113. 0043-4 181 169. 0064. 9 225. 0 4 
99.74 712.24] 22/113.9143+ 7 82 169. 965.2 225.9 «9 
Ol. 1 . $122.6] 23/114.9}44-1]} 83170. 965. 6 226.9 1 
01.4 « 7122.9] 24115. 844.4] $4 178, 8163.6 227.8 LY 
ot. 8 « 7123-3] 251416. 744. 8 85 172.7166. 3 228.7] $7.8 
02. 2 . 6123.7] 26{117. 7145-2] 86 173.7 66.9 229. 7 .2 
32.5 524. 0] 271118. 6145. 5} 87 174. 6167.0 230. 6 N. 

5102. 9 524.4] 28/119. 5145+ 9, 88 175. 5167.4 231.5 9 
3.2 424.7] 29120. 5140.2] 89176. 5167.7 232. 5 89.2 
23. 6 325-1] 30[121. 4146-6] 990,177. 4[68. 1 233: 4 .6 
03.9 66. 35. 4 131/122. 3147-0 91 175.3775 234. 31 99.5 
4.3 225. 0 3212330473 92 179. 30h 235. 3 YO. 3 
04. 6 126.2 3 124.247. 7] 93180. 2169. 2 236. 2 99.7 
25.0 126. 5 340725. 48. o 9481.1 9. 5 237. 1 . © 
05. 4 . 0126.9] 35/126. 1048. 44 95 183, 106.9 238.1 «4 

905.7 97.2] 360127 048. 7] 96183. 0070. 2 239.0 91.8 

9199. 1 927.6 37127. 9149-1 97163. 70. 6 239.9 1 
06. 5 82S. o 38 128. 9 49+ 5; 98/184. 9171.0 240.9 41 
06.8 «7128. 3] 391129- 8149- 8 99/185. 8 71.3 241.8 8 
07. 2 728. 7] 40130. 7150-2) 2001186. 7 71.7 242.7 93.2 
07.5 29. of 141/131. 0. 5j 201/187. 6172.0 243.7 . 
07. 9 529.4] 420732. 050.9 021188. 6072. 4 244.6 9 
08. 2 5629.7] 43/133. 5151-3] 03189. 5072.8 245.5! 94-3 
28.6 430. 1 441134- 5151-6] 04/90. 473.1 246. 5 0 
9. 330. 5] 45[135-41532-0} 5191. 473.5 247.4 «© 
99. 3 330. 8] 461136. 3152+ 3] o6[192. 317 3-8 248. 3 95.3 
99.7 2131.2] 471137+- 3152+ 7] 7193. 274.2 249. 3 7 
10. 131. 5] 48138. 2153-0] 081194. 274.5 92 —1 
19. 4 1131.9 491139-1 33-4] 09195. 1174-9 251.1 4 
10. 8 032. 3] 50140. 1 53-8 10196. © 75-3 252. 1 96.8 
11.1 32.661541. 54211197. 0f75- 6 253. 
11.5 933. o] 521141. 9154-5} 12197. 976. o 253.9 
11. 8 „8033. 3] 53142. 9154-5} 13198. 8176. 3 254. 9 
12.2 733.7] 540143. 8155-2] 14199. $176. 7 253.8 
12. 5 7134. 0] 55ʃ/144.7 55.60 151200. 777.1 256. 7 
12.9 634.4] 561145. 7155-9] 160201. 6177.4 257. 
13.3 534. 8] 57/146. 656. 3] 17/202. 6177. 8 258 6 
3.4 535.1] 58147. 5 56. 66 180203. 5078.1 259. 5 
I 4. o + 4135-5] 59 148. 5157-0! 19204. 4 78.5 260. 5 
14.3 . 4135-8] 60149. 4[57:3] 20205. 4178.8 261. 4 
14.7 + 3136.2] 161/150. 3157+ 7] 221 206. 3179. 2 262, 3 
15.1 « 3136.6] 621151. 358. 1] 22207. 279. 6 263. 3 
5.4 236.9 631152. 258.4] 230/208. 279.9 264. 2 
15. 8 1137.3 64 153.1 58. 8 241209. 1 80. 3 265. 1 
16. 1 137.6 651154. 159. 1] 2510. 0180. 6 266. 1 
16. 5 038. of 66155. 059. 5] 260211. 0181.0 267 
16. 8 9138. 3] 6755.99.90 27211.9081.4 267.9 
17.2 938.5] 680156. 90. 2] 280212. 8081.7 268. 9 
17. 6 - 39. 1 69157. 8 60. 6 29 213 8182.1 269. 8 
17-9 239.4] 701158. 7190-9] 30/14. 7 82.4 270.7 
is. 3 730, 8 1-11159. 7/61. 3] 2311215. 6182. 8 271.7 

5/18, 6 1 71 8 61.6 > 216. 6083.1 272. 6 

18.5 . 5140. 5 73/161. 562. 33/217. 5183.5 273.5 

4119. 4 5140.91 74 162. 5 62.4 34/218. 4 $3.9 274.5 

3119.7 441.2 751163. 4162.7] 351219. 4/84. 2 27S. 4 

3120. 1; « 3141.6] 561164. 3103-1] 36220. 3084. 6 276. 3 

229.4 3141.91 77 165. 3 63.4 371221. 2 84.9 277.3 

170. 1 2 12.3 79166. 263. 88 380222. 285.3 278. 2 

1121.1 142.60 791167. 164.2] 39223. 1085.7 279.1 
1120112. 143. 0] 180168. 1064. 5} 245224. 1186. © 280. 
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201. 9/00. 7 . 6122.9] 121112. 245. 3} 181 167. 8167. 8 7 „ Dit 
3192. $jot. 1 IF. 22113. 145.7 82 168. 868. 2 11 223.5099. 2 
403. 201.5 * 6 23114. 06. 1] 83/169. 7168.6 22244 90.; 
504. 601.9 « 34-0] 24,15. 46. 5Þ 84/7. 6/68. gf, 43125-3910 
ee 3124.3] 2515. 946. 8 85 171. 569 4426.2 g1,, 
7106 6 «2124. 7 2 86 172 6 I. 45 227.2 91.8 | 
E. 125.1 1 44% 9.7] 461228. 10 92, | 
N 025. 5 "of 881 3- 41781} 47/229-0| 5.5 | 
ne 025. 8 12747 4148229. 9 95.9 | 
__ 10{0g. 303. 7 926.2 89 175. 2[70.8 491230. ol 93. | 
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1 6. 246.9] 67150. 173.2] 271204 .ol 88 258, 9112 
217. TEE 74.10 29263. $1100: 4 390. f 
4 1 f . 8] 691151.974. 922 260. 7 7 
40/441. 5 09 . - — 152. 874. 5 30 206. 7 100, 8 2 77H _— 
50144-9121.9] 10 INT Gm TR op 2311207. 6|101. 3] 291 262. 

1145. 8022. 4] 111] 99. 8048.7 21208, 5|101.7] 92 io 
* 2. 8] 1210. 749.1 I 3 4102. 1] 930263. of 
$2140. 7[22. , .8] 33299. 4 264. 2/11h 

7.868 13 101. 0049. 5 210 102. 6 94 15 g 
53j47- 0423+ : *3] 341j219- 3 265. 1112 
— 102. 5050. 0 : 7 ad 

48. 5123-7] 44 7 211.2103 9 9 
55 1549) Me dogg: ne J 36jzr2.1 103. 5| 96|266.0, 
5549, 424. ' : 21 3 i -| 266. 9119 

6150 3124. 6] 16/104. 350. 9 6 7213. 0103.9] 97 $19 
aac rh) bp 71105. 251.3 g 3. 980267. 

751.2 25.0 17 > 38213. 9/104 3 68, 5.13 

852.15. 4J 18,195. 1]51.7 214. 8[104. 80 99266. 
| Ts 53-0 25-9] 1907. o 272 2 2401315. 9 105. 2] 3001209" | 

107. 52. — — | TN 1L CDs. + 
= 54 Laer A De. Lat Dil Diſt Dep. Lat Diſt Dep. Lat. Diſt Deb 
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TABLE III. Difference of Latitude and Departure for 27 Degrees. 


— aprons W Tat þ 
(if Lat. Depf Diſiſ Lat. |[Dep| Diſt] Lat. DepDiſt Lat. Dep. Diſtſ Lat. Dep. 
85. 98- ot] 54+ 4127-7] 1211107. 8154.9] 1816161. 3] $2.2] 240214. 7 109. 4 
| ,| ot. 8.00. ] 62] 55. 228. 1] 2208. 755. 4] 821162. 2| 82.6 2215. 6 109. 5 
| i| 02. 7]Þ1- 4 G3] 56.1]28.6] 2309. 655. 8 330163. 3.4 43216. 510. 3 
4 3. 601. 8 64] 57. 0029. 1] 2410. 556. 3 84 163.9 S3.5] 44217. 4110. 8 
| 5 04. 5102+ 3 65 37+ 9129+ 5 25111. 456. 8 850164. 84. o 45218. 3111. 
„oz. 3102.7] 66 58. 8030. o 26/1 12. 3057.2 86165.7 $84.4] 46/219. 211.7 
05. 203. 2 67 $9- 7130-4] 27/113. 257. 7 $7{j166.6| 84.9] 471220. 1112.1 
| x 07. 103. 6 68] 60. 6130.9 201114. 0155.1 881107. 5 $5.4] 4*[221.0[112.6 
; 9 08. oo. i] Oy] 61. 5031. 3 291114. 958. 6 89168. 4 85. 8 4721. 9130 
þ | 16! ob. 9194. 5} 79] 62.431. 80 30115. 8 39-0] 90169. zi 86. 3 391222. 8/113. 5 
! —| 09. dj95.0 71] 63. 3032.2 131116. 79. 5 1911170, 2| 86.7] 25123. 6114.0 
10. 7195. J 72 5 — 2632.7 32117. 6159.9] 920/171. 7.2] 5224. 114.4 
11.605. [ 73 65. 0033. 1 3518. 5060. 4 936172. 0] 87.60 53223. 4114.9 
12. $126. 44 74 65.933. 341119. 4 60. 8 94172. 9 88.1] 54226. 3115. 3 
13.406. 8] 75] 66. 834. 1] 35/120. 3061. 34 95/173. 7] 88.5] 55227. 2115. 8 
14. 307. 3 70] 67. 734.5] 30/121. 261.7] 96174. 6 89. o 561228. 1116.2 
15. 4197.7] 77] (8. 635. 00 37/22. 12.2] 97175. 5 89. 44 571229. 0116.7 
16. ojo8. 4 78] 69. 5035. 44 38123. 0062. 7 951176. 4 39.9] 58229. 9117.1 
16. 908. 6] 79 70. 435.9] 3923. 8163.1] 99/177. 3 90. 3Þ 59 30. 80117. 6 
17. og. 1] Sol 71. 335. 3 401124. 7 G3.6 200(158. 2 92. 5] 60231. 7118. o 
18. 7199. 5] 81 72. 236. 8 141125. 6064. o 201 179. 1 91.3 261 232. 66118. 5 
19. 6010. of 82] 73. 137. 2 21126, 5164. 5 02 180. © 91.7] 62133. 4118. 9 
20. 510. 44 83] 74. 037. 7] 43/27. 4164.9] 3/180. 9 92.2] 6334. 3119.4 
21.410. 9 84] 74. 8038. 1] 441128. 3165. 4 4181.8 92.6] 641235. 2119.9 
22, 311. 44 85] 73. 738. 60 451129. 265. 8 05 182.7 93.1] 65236. 1120. 3 
23. 211. 8 86 76. 6039. of 40/30. 1066. 3} 06 183. 5 93.5] 66237. 00120. 8 
24.1 14.3 87 77.5139. 5 47131. 0 66. 7 07 184.4 94.0 171237. Q| 121.2 
24.9112.70 $8] 78. 440. 0 48/131. 967. 2] o8 185. 3] 94-44 682 38. 8121.7 
25. 813.2] $89} 79. 3149-4] 491132. 8067. 6] og 186. 2 94.9] 6% 239. 71221 
26. 7113.6] 90 80. 240. 9] 50133. 768. 100187. 1 95. 3] 701240. 606122. 6 
27. 6014. 11 91 81. 141. 3] 151 37.4 211 188. of 95.8] 2710241. 5123.1 
28. 514. 5 2] 82. 041. 8] 52135. 4069. 12 188.9] 96.2} 72242. 4123. 5 
29. 4115.0] 93] 82. 942.2] 53/136. 3169.5] 13 189.8} 96.7 73243. 2123.9 
30. 315. 44 94] 83. 8042.7] 54/137. 2109.9] 14 190.7] 97.2] 74244. 1124.4 
3\ 31-2]15.9] 95] 84. 6043.1] 55/138. 1070. 44 15 197.6 97.6] 7545. o{124. 9; 
2.16. 3] 95/85. 043. ] 56/139. 0070. [ 16192. 5 98.1] 76/245. 9125.3 
33. 016. 3] 97 86. 444.0] 57139. 971. 3] 17 193. 30 98.5] 771246. 80725. 8 
33.917. 3] 95] 87. 3044. 51 58/140. 871.7 18/194. 2 99. of 781247. 71126. 2 
34+ 7117-7] 99] 88. 2[44.9] 59141.772.2 19195. 99-4] 794248. 61126. 7 
40 35. 6018. 2] 100 89. 1045. 4] 60142. 6172.6 20196. 0 99.9] 80249. 5127.1 
36. 5118. 6 101 90. 0145-9] 161/143. 5173-1] 221 790. 0/100. 1 281]250.4[127.6 
37-4[19.1} 02] go. 946. 3 2144. 3173-5] 22197. $1100, 8] 82251. 3j128.0 
38. 319. 5] 03] g1. 8146.8] 63145. 274. 0 23198. 7101. 2 83 52. 2128. 5 
39. 2120. of 04| 92. 7147-2] 64146. 174. 5 24199. 6101.7] 84253. 0128. 9 
40. 1120. 44 O5| 93. 6147.7] 65/147. 0074.9] 25 200. 51102. 2 $54253-9112 4 
11.020. 9] 06 94. 4048. 11 66147. 975. 44 26201. 102.0 86% 54. $1129. ol 
41.9 21.3 7] 95. 3148. 5 71148. 8075. 8 27 202.3103. 1 S71255. 71130. 3 
; 42.8121. 8] os 96. 249. of 68149. 776.3 28203. 1/193. 5 88 255. 01139. 8 
13.722. 2}F 05 97. 1149. 5 691 30. 6076. 7] 29 204. 0/104. o] 89257. 5131.2 
! 50) 44. 0122.7 10] 98. 0149.9] 70151. 5077. 20 30 204. 9104. 44 90258. 4131.7 
1 1 15.423. 2 111] 98. 950. 4] 1710152. 477. 6 231/205. 8104. 9 2910259. 3 132.1 
120 5 46. 33. 6 12 99. 8 30. 8 72133. 3178.1] 32/206. Tj 195+ 3 20260. 2]1 32, 6, 
1 47.2124. 1} 13 100. 51.3 73154. 178. 5] 33207. 6,105.8] 93/261. 1133.0 
129 $4) 48.1124. 5 14/101. 6/53 8 741155. 079. o 34/298, 5106. 2 94/262. 0133.5 
5 40.9 25. 15/102. 562. 2] 75185. 979. 5] 35/209. 4 106. 7 951262. 8033.9 
50 49.9% 25. 44 160103. 4152.7] 76156. 8079. 9 36/210. 3/107. 1 06i263. 7134.4 
50. 8125.91 171104. 253.1] 771157. 7[80. 4 37211. 2107. 6 971264. 601 34. 8 
51. 726.3 15/105 1153.6 78[158, 6j80, 88 38}212, 1/108 I 981265. 5 135.3 
991 22.6 26. 8 191106, 054. o] 79/159. 5881. 3} 391212.9 108.5] 99/266. 4135.7 
3.27.2 1201065. 954. 5} 18a; 160. 481. 74 240 213. 8:109. © 3000267. 311 56. 2 
ü Dep. Lat [Dift Dep.] Lat Dil Hep. Lat Diſt|Dep. | Lat. Diſt Dep. Lat. 
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[pig] Unt Dep! Didi! at. Lat. [Dep Dit) 1: Lat. . [Dep Diſt] Lat. Dep. Diſt! Lat. [Deny 
100.9 9,00. 5 . $3.9 912%. Of 121106. 8 56.8 187 159.8 $5.0] 241, 12 3 
| 2,0! 8/00 of G2] 54. 7129.1 2210). $7. .3 82,160. 7 85.44 42 213, * 
3/92 6jo1 44 G3] 55. 6029. 6] 2308. 2. 830161. 6 $5.9 43 214, 51141 
4403. 5101 9 64 50. 530. o 24109. 55 20 84.102. 5 86.4] 44213. 511, 
5104. 4002. 65 57. 430. 5 250110. 458.7 35 103.4] 56.9] 451216. 35 
65. 3702. 8] 66] S. 3 31. 0 26 111. 359. 2 386164. 21 87, 3 46/215, 2½ 15.3 
7106. 2[03. z3f 67 59.2315 27,112: 1159.6 87 105.1 $7.5 471218, 1/11; 
07s 4 03. 8] 68] Co. o 31. 9%] 28 113.0 60.11} 88 166. 0| 88, z 4219, of114 
9/07 9104. 3 6g] 60 9132.4 29/113. 9 60, 6 89/166. 9 88.71 49 219. 9/116, 
10108 $04. 7]__70 61.8,32.9 30114. 85 1 — 99/167. 5 89.2 50/220, 8 11715 
11009. 705. 2 71 02.7 33-3 131115. 761. 191168. 7 89.7 251227711771 
12 10. 6 05 6 2] 63. 6033. 8 32 170.6 62 92 169. 5 99.1 5 2 222. 50118. 
13611. 5106. 73) 64. 5|34- 3 33,117; 496254 93170 4 yo. 6 $3/223. 4/115, 
1412. 406. 6] 74| 65. 3!/34-7] 34118. 3,602.9 i 97.10 34224. 3. 
| 15 1 3-2/07.0 75 76.263852 3178.16 3.4] 25/172, 91.6] 551225. 24% 
ſj 16 14. 1107.5] 76 67. 1135.7 1163.9 96, 173-1] 92.0 501226, 0[120.; 
1715. 0008. of 77 68. ol 36. 2 1 64. 3 97 174.0 92.5] 5722.20 
1816. 908. 5} 78] (S. 936. 66 365,121. 9164.5] 98/174. 8 93. 581227. 8/121 
| 19/16. $08. gf 79] 69. 8037. 1] 39j122. 765.3 99 78.7 04:4 5028. 5/121. 
| 20017. og. 44 $0 70.6 $7. 6 40j123.6 65.7 2000176. 66 93.9 60229. ( 
| 21 13, 509 9] Saif] 71. 538. o 1411124. 5106.2] 20177. 5 94. 4 2611230. 5072.3 
2219 1010.3 $2] 72. 438. 5 421125. 4 06.7] 0211758. 4] 94. 1 62 231.3423 
2329. 310. 8 $3] 73.339. o] 43j126. 3067.1 03179 2] 95.3 031232, 2/32z,1 
2421401. 3 84 74. 239. 4 4412 267.6 04,180, 1] 95.8] G; 2 33+ ¹—t5 
25;22.1{11, 7} 85] 75-1139-9] 45[128. 0108.1] 05[151,0] 96.2 651234. 00129 
203. 112.2] 86 77. 9140. 4 46/28. 908. 51 06/187. 9 96.7 66.34. 9/1245 
2712 3. 812 787 76. 840. 3] 471129. 869. o 71182. 8] 97. 2] 6/7 35. $/25-4 
28024 7113 11 $8 77. 7141 3] 48/130. 769. 5] 08183. 7] 97. 7] 68/236. 0% 
2925. 6013. 6] 89 78. 6041.8 491131. 6070. of 09184. 5 98.1] 69237 5026. 
39/26, 5114.1} 90 79. 5{42. 3] 501132. 570. 4] 10/185. 4 98.6] 70.238 9— 
31022-4014 of 91] So. 4/42. 71510133. 3070. 9211186. 3] 99. 127139. 3/0274 
| 32/28, ry of g2] 81. 243.2 211 34. 271.44 12 187.2 99. 5} 721240. 2112] 
3329.15. 51 gz 82. 1043.7 53/135. 171. 8 131188. 110. 73241. 1/02) 
339. 0016. o 944 . 0044. 541136. 0072. 34 14/189 9100. 5} 74/241. 9112). 
| 3530. 0:16. 4 95] 83.944. 6] 55/136. 9172.8} 15/189. 80100. 9 75 242, 0% 
30/31. N16. 9] 96/ 84. 8151] 561137. 7173-20 161190. 701.4] 76[243. 71701 
7132 17.4 97] 85.7149 5] 57/138. 6073.7] 17191. 6610.91 77 244. 6/1321 
38133. 6;17. 8} 98 86. 546. 0] 58139. 574. 2J 180192. 5102. af 780245. 51939 
30 34.518. 3} 99 87.446. 5 59/140. 474. 6] 19193. 41102. 8 75 246. % Jul 
| 40 35. 3/18. $] 100] SS. 347. o 601141 3175-1] 20194. 3[103. 3] 80247. [03% 
41136.2[19. 2 101] 89.247. 4J 161/142. 275.6 2211195. 1103. 8 281 248, 1/131: 
42137-1119. 7] O2 90. 47.9] 62/1143.0,76.1] 22196. 00104. 2 21249. 911374 
43038. 020. 24 63] 90. 948.4 63/143 9176.5] 231196. 9/04. 7 831249. 915374 
44038. 920.7 O04 91. 8048. 8 04/144 $77.0 24197. 8 loßz 2 61290 7-0 
45139+ 7,21.1] 5 92.749. 3 65145777. 5 251198. 7105. 68 8551.71 
460/40. 621. 6 06] 93.6 49. 8 61146. 6177.9 266199. 66106. 1] $6[252.,53 
4741. 522.1 794.5 50. 2] 67/147. 5178.4] 27/200. 41106. 6 8753.4 
4842.4 22.5] 8 95. 4 50. 71 68148. 378. 9 28/201. 3 107. of $8]254. 3/13) 
49/43. 3023. ][ og 96.251. 69/149. 2179. 3Þ 291202. 20. 5Þ 89255. 1 
944.223. 5 10 97.151. 6 70/150. 179. 8 30203. 10108. o 2 
5145.23 9] 111] 98. 52.1 171/151. ol80, 3| 2310204. ol1o8; I 291257. 01% 
|| 52145-9/24.4] 12] 98.952. 6] 72/151.9/80.8 32204. 9108.9 921257-5 
; $3140. 8024.9 13 99. 853. 1 731152. 8081.2 331205, 71109. 44 93 1 
Þ| 4147-7125. 4] 14/100. 753. 5 741153. 6681.7] 341206 6/1109. 9 941259653 
bit. $5148. 6/25. 8} 15/101. 5054.0] 75/154. 5182, 2] 35/207. 5110. 3] 951260. 513 
F 56 49. 4/26. 3 161102. 4154.5] 75/155. 482. 6] 361208. 4110. 8 961260: 4/13 
* I $7150. 328. 8 7/103. 3154.9] 77/156. 3153-1 371209. 3111.3 7 261. 3319 
9 MEL 2,27.2] 18104. 255. 4] 78/157. 283. 6 38/210. 211.7 98/252. . 
4 952.127. 7 19/05. 1055.9 79/158. 1084.0] 390211. 00112. 21 99 63.00 
4 | es. 2] 120/106. 0136. 30 180 180/158. 9184. 5 240|211.9}112.7 30926497 
i \Diit| Dep Lat Diſt Dep. Lat. Biſt Pep. (Lat. Diſt! Dep. Lat. | Diſt| Dep. E 
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Difference of Latitude and Departure for 29 Degrees. 
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Pill Dep[Diſt Lat, | Dep Diſt, Lat. | Dep. Pitt Lat. Dep. 
1 29.6 121 105, 5 58. 7 181 158.3] 57. 7J 241/210. 80116. 8 
62 30. 1 21106, 7|59- if 82115g.2] 88.2J 42j211, 7[117. 7 

A 63 30. 5 23 107. 6 59. 6 83/160, 88.7 431212. 5/117. 8 
64 31.0 24/108. 5 60. 1 84160. 89.2J 44213. 4118.3 
65 21.5] 25/109. 350. of 85/161. 8 89. 7J 45/214. 3118. 8 
66 732. o] 26 110. 2 61,1 86102. 90. 2J 46[215.2{119, 3 
67 8. 632.51 27 111.161.606 87/163. 60 90.7] 47 210.0 /11%. 7 
68, 33.0 2$j111.9 62,1] 881164.4! 91.1 451210. 9/120. 2 
69 33.5] 2912. 8062. 5] 89]165, 3 91.6] 49217. 8120.7 
70 233.9 3 113.23.“ 63.0 90166. 22.1 50216. 121.2 
71 34.40 131 1311114. 963. 5 19157. o, 92. 6 2511219, 5 121.7 
A* 9 34.9 32,115, 4 64.0 92 167 79 93.1 52 229. 4 122. 2 
73 63. 8035.4 331116. 364. 5 93 166.8 93. Ol 53/221. 31122. 7 
74 7135-9 341117. 2/65, of 94/169. 7] 94-1] 540222. 2123.1 
75 65.6156. ; 331110. 1 65,4] 5/70. 5 94-5] $51223-0,123.6 
76 66. 5 36. 36[118.9 63.9 906701. 495. 560223. 9124.1 
77 67 37. 1 00.4] 9772.3 95-5] 57224. 8 124. 6| 
78, 68. 37. N 38/120. 7,66. 9] 98/173. 2 96.c} 58/225. 60125. 1 
79 ; F 7. 3 9 121.667. 4 99 174.0 90. 5 539 226, 5125. 6 
80 70. o 38. 80 40 122.4 67.9] 2974.9 97.0 601227. 4126. o 
81 70. 839. 3] 14123. 368. J 201075. 8 97.4] 2610228. 312. | 
ab 71. 739. 8] 42 I 24. 2 68.9 211706. 97.9 321229, 11127 , ©! 
83] 72.6040. 2 4325 16.3 0377.5 98.4] 63/230 9 127 , 
84 73-5140. 7 4425. 9%. l 031178. 4 98.9] 651230. 91128. 0 
85] 74. 3141.2] 451126. 8070. 3] 05/179. 99. 4 651231 8/128. 5 
86 75. 47.7 460127. 7/70. 8 061680. 99.91 660232. 6 120. 0 
= 76.142.214 47 125, 0171.3 71185 00. 4] 67233. 529. 4 
88 77. 0042. J 48/29. 471. 8 08187. 9100. 88 68234. 429. 9 
85 77 143. 1 491. 32: 3 72.2 09 182 101. 3 69 2353/30. 4, 
yol 78.7143.6] 5011312 172-7 101183. 7,101.8} 702 3. 11 30. 9 
91 C144. 1 151 132. 7 2 211184. 5 102. 3] 2711237 9131.4 
92 14.6 52132. 7075 7 12018 185. 41102, 8 721237.9 131.9 
93 45.1] 53 £45 874.2] 131186. 3103-3] 731235.5/132, 4 
94 45.6 54013 7741. 14 187.2 103.7] 74239. 60132. 8, 
95 46.1] 55 (35: 6/73. 15/88, 4104.2] 75/240. 5/133. 3 
46 46.5 50136. 175. 6] 1085. 9104. 7] 76 241.4133. 8. 
97 47.0 7 137.376. 1 17118g. 81105. 2 771242. 3134. 3 
9% 7. 6 54 138. 276 6 Br 90. 7105. 7] 78 243.1134. 8 
99 8. ] 59139177. 1 19191. 50106. 2] 79/244. 00135. 5 
1001 48. 5 Ho 139.9 77.0 20 192.4 106. 7 80 244.91 35.7 
101 49. © 1611149. 8.78.1 221193. 3107. I] 281 25. $1130. 2 
02 49. 44 621141. 778. 5 22194. 2 107. 6] 821246 611.36 7 
03 49.9 63 142.6079. 23195. UIIOS. 1 831247 511 37.2 
0. 350. 44 64 43: 479. 5 24195. 9 108. 0 83 245. 41137. 7 
05 50. 9 651144. 350.0] 251196. 8109. 10 851249. 3/135. 2, 
06 51.4] 66145. 2 So. 5 261197. 7109. 6 862 50. 1138.7 
07 31.9 651146. 1 81. 0 27198. 5110. o 872510139. 1 
O8 52.4] 68/146. 981.4 29199. 4110. 5} 880251. 9139. 6 
0g! 52. 88 69147. 8081. 9 29, 200. 3111. o 890252. 140 I 

; [ 

10 53.3] 79,145. 7152.4] 30 201.2111. 5 Ee: 
111 LR Bot £49. 922.9 n ol 2911254. 51/1. 
12 54.3 21150. 4153.4] 32 292.9,112.5] 9225544 
13 54. 8 73/151. 3183-9] 33.203. 8113.0 930/25. 3142.0 
14 9 $5. 30 7411522 4. 4 34,294. 7113.44 941257-11142.5 
15100. 6035. 8 751153-1 84. 8 35 205. 5113.9] 95/258. 00133. 0 
16101. 5/56. 2] 76/153. 985. 3} 36206. 4114.44 96258. % 143.5 
17 56.7] 77/154. 8085. 80 371207. 3014.9 9725980144. 
18 57. 2J 781155. 7186. 3 38/205. 115.4 98/260. 91144. 5 
19101 57.7 79156. 6 86. 8 39 209. 0115.94 99 261.545 

| 120 105.6 58. 2 1801157. 4187. 34 240209. 9116. 4] 300262. 4 I 45. 4 
Lat. Dit Dep. Lat. Dit Dep. Lat. Diſt Dep. Tat. Biſt Dep. | Lat. 
— — — — 
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TABLE III. Difference of Latitude and Departure for 30 Degrees 
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DigLat. DepfDiqt Lat. Dep Diſt Lat. Depſ Diſt Lac. Dep. it Li. 15 Wo, 
1100. 9199. 5 61 2. 8130 f 1210104. $160. 5 1811156. 7 . nn Vil 
2101, 7j01.o] 62 53- 7131.0| 22 105, 761. of $21157.6] 91. 0 411208, 7]120,; | 
3102. 6001. 5] 63] 54.631. 5] 23/106. 561. 51 83/158. ; 91. 4- 209. 6121.0 
403. A 64 53.4032. 0 24 107. 462. 0 841159. 3 7 43/210, 4[121,; | 
5 85 302. 5 65] 56. 3321 5 25108. ro 51 85160. 2 92. 5 44/211, 31122.g ; 
1 125 66| 57. 2 (33 2 26/109. 1163.0 866161. 1 93.0 „ NN 112. 33 
7106. 1153.5] 67 58.0033 5 27 110. 0063.5 8711619 93. 5 ire { 
8 06.9 04.0] 68 58. 9 34. 28 110. 8064. © 881152. 8 ; * 213.9123. N 
9/07. 8104. 5 69 59.8134. 5] 29 111. 48214. 0 
joe! 48s Bhs . 29,111, 04.5] $9{163.7| 94-5] 4921.6 "oY 
2 2 7105.0! 70 60. 6035 o; 39/112.6165.0 900164. 5 95.0 10508 chard 0 
1199. 3105-3] 7! 61. 5135-5 141113. 65. | 191116; | |— 2 . 
12 10. 4106. 0 72] 62. 436. 0 32114 1 Arp . 130 e 1 
13111. 3006. 5 73] 63. 236. 51 33115. 266. 51 93167. 1 Sp 52 216. 2126. 12 
14/12. 10. 00 74] 64.1!37.o] 34/116. 0067. o 94168. 0 97. 0 551106 13 
15 1 se, 5 75] 65.037. 5] 35116 9067. 5 95168. 9 97:6 pt deg bl. 140 
16013. 98. of 56] 65.8138. © 361117 8/68. of 9y6 169. 7 <4 36+ $30. vii l5 
1714. 708. 5 971 66. 738. 5] 37/18. 6068. 51 97 170. 6 98.5 3 2 an 
$i of $16.9 Pl 78 67. 5039. o] 38119. 5169. 0 98/171, 5 99. o r 17 
19116. 905. 5| 29 68. 4/39. 5 39/120. 49. 5 99 172.3 99. 5 5 hp Ke o 
FL, 17: 3110. 0; 80 3 — 40121. 270. o 200173. 2100. o 4 TY '9 
21 18. 210 5 81 70. 1140. 5 1410122. 1070. 5 201 174.1 100. 5 27 226 — 
2219. 1111. 0, 82] 71.041. 0 2 123. 0071.0 021174 Aer 2 10149 $i 21 
2319.9 11.5 8 1.9041. 5 | - * e . 
* 371.941. 5] 431123. [71.5] 03/175. 80r. 610 
| 24120. 8112.0) 843) 72.7042 25 5| 63227. 81, i : 
3 * -| 15 125 742. o] 44124. 772. o] o 176. 7102. o 6722. 61132 0 
r $336: 923 39 051177: 202-3 63/229. 511: Wi :: 
py 7 113 3 10 74. 545. ; 46[126.4]7z.o 06 178. 4 193. o 661230. 4 3 4 
6 1 fad Fo. 75.343. 471127. 317 3+ 071179. 31103. 712 i af 
ET WEE RE Rn ae eats bf 
29]25- 1114-5} 89 27. 44. 50 491129-0174.5] 091181-01104. 5] 6 1 
eee eee 70 233. 8133 0 
31 8 15-5 91 78. 8045.5 1511130. 875. 5] 211182. 5 ol an [lie alin —] 
42 pe 92 79.746. 0 2131. 776. of 12183. 6106. o 72 2335.60 A 
IN"* 9189-31-93 80. 5 46. 5] 531132. 5076. 5] 13/184. 5106. 5] 73236. 4/136 * 
34 _— Pp 94} 81. 47. o] 54[133-4{77.of 14185. 3107. o 7237. 315 3) 
3512 « 3117-5; 95 32. 3147-5 55134. 277. 5 15/186. 2107. 5| 75238. 21] " 
36131-2118, M 96] 83. 148. 0] 56135. 178. 0] 160187. 1108. of 76/2 oJ 93 
3732. 018. 5 97% 84.0148. 5 HA a eee 30 
8032 o'y 8 + L 5711360. 0 78. 5 17 187. 9108. 5 77 2 39. 913] 35 
3 33 519. 35 v4 - 12 8179.0] 18 Lang $1109. o 700240. 17 ji 
kh 3. 7195 7. 779. 5] 191189. 71109. 91241. 6\135 | 
40 2 O; 100 ant — O E00 18. 6180.0 _ 20/190. 5 4 12 ops - 
41 35. 5 20. 5] 101| $7. 5/50 5] 1611139. 4/80. 5] 221191. 4|110. 5 "281/243-3 [4c Ea 
2130. 421.0 o2| 88. 3 51. o 2140. 3081. o] 22192. 3111. o 82/244. 2/14 4 
43137-2121. 5] 3 89. 251. 5 631141. 281. 5 23193 11111. 5 831245. . 
4438.1 e 64142. 00 82. [ 24194. 00112. 0 8 245.941% 14. 
0 45 39. 2.5 of 90. 9 52. 5 651142.9/82. 5] 25 = $50 oy 
wv 3128.8 | 3 2152.5 51142. 9 82. 5 25194. 9112. 5] 85246. 81 61 
i 42139: E 06] 91. 8.53.0 66143. 883. 0) 26195. 7113. 86247. 7450 60 
= 2 608 ph 31 97 92.753. 3 71144. 6083. 5 27196. 6113. 5 871248, 5/143 [4 
J ' 4 hh (4 od 93. 554.0] 68/145. 5 84. o 28197. 4114.0 88/249. 4/144 10 
| l 5 09 94.464 51 691146. 484. 51 29198. 3114.5 89/250. 3/144 40 
| 214.3252 191.2538 2947-21-52 30.199. 2/115. 9] 99211 20 
4 51144- 2/25. 5| 111] 96.1555 1710145. 1 $5. 5 231 200.0115. 5| 2911252014 51! 
| | 52 18 *˙ 8 26 12] 97.036. 0 72,149. 086. o e 2 151910 1 ; 
j | 53143-9 26.5] 13 97.9,50.5 73149. $186. 5 33 201. 8116. 5 93 233.710 5314 
bi 5414 « 8127.0; 14] 98. 757.00 74/150. 787. o 34 202. 6117. 0 94 254.615 55 
58476027. 5] 15 99. 6157.5] 751151.6!87.5 35 203. 5115.5 951255 5/147 15 
1 56 48. 5028. o 1500. 558. 760152. 488. [ 360204. 4118. o 961256. 3.14% Hh 
5 57 #9+ 4 28, 5 17101. 3158. 5 771153. 3188. 51 37205. 2118. 5 97.257.206 5514 
5 59. 2 29,0; 18 102.259. 780154. 1089. 0 380206. 1119.00 95 258, 11146 5 4 
. a bhp 29. 5] 191103, 1159+ 5} 79155. 0189.5} 39207. 0119.51 99 258, 9114 59} 5 
| FO. 4 5 30.0 122 103- 9160. © 80155. 9/90. of 24020. 5/120, 0 390 259. .— | boſs 
| Diſt [DepſLat.|Diit| Dep. 'Lat.|Diſt[Dep. Lat. Diſt Dep. Lat. Dit Dep. Ei 
0 ar 


| | | for 60 Degrees. 


0 
— . 
* — —— — — — 


TABLE III. Difference of Latitude and Departure for 31 Degrees. 


Dep Diſt Lat. Dept Dig Lat, Dep Dit Lat. [Dep.|Diſt| Lat. Dep. | 
20. 54 O1] 52. 331.4 121 103. 7 62. 3 311810155. 93.2] 241 I 
ol. Of 62 53. 131.91 22 194. 6/62, & 82156. 0 yz. 7] 421207 4/124. 6 
ol.5] 63] 54. 0032.4] 23 105. 463.3 831156. 8 94. 2 43 208. 3125. 1 
02.1] 64 54. 8033.0] 24/00. 303. 9% 84/157. 7 4. 8 44;209. 1/125. 6h 

302.6 65] 55+ 7133-5] 251107. 1164.4] 85/138. 5] 95.3 45/210. 0/126, 2} 
05. 103. 1} 66 56. 634.0] 20/108. 0194.9] $6[159.4| 95.8 400219. 8126.7 
50. 0/03. 6 7] 57.4]. 5} 271108. 8165.4] $87{160. 3] 96. 3 4211. 71127. 2 
. 9% 4. 1] G5| 58. 3035.0 28109. 705. 9 88/161. 1 96. 8 4810212. 501277 
. 7/04. 60] 69 59. 135. 5J 29/110. 6.6. 44 8962.0 97. 3} 49213. 40128. 2 
98, 6/05. 2 70 60. 056. 1] 30/111. 407. 0 yo}i62.8] 97.9 500214. 3 128.8 
1109. 405. 7] 71] 6. 8036. 61 131 112, 367 51191163. 7 98.4 251215. 1 129. 3! 
306 2J 72] 61.737. 1] 32 11 3. 1168, 0 921164. 5 98.9 $1 53% 0 129. Jt 
06.7] 73] 62.6|37.61 31114. 0!68. 5] 931165. 4} 99.4] 531216, i Phat: of 

0.07.2 74] 63.4438. 34114. 8.09. o 94166. 3 99.9 $41917+7 7130. 8 ] 

907. 7] 75] 64. 36.4 35115. 709. 5] 95/167. 1000. 44 551218. 5/131. 3 
oB. 24 76 65.139. 1] 361116. 6/70. 0 96/168, 00100. 9 56219. 4131.8 At 

6.03.5} 77] 66. 039. 7J 37/117. 470. 6] 97168. 8101. 51 57/240. 2 132.4 

1009. 5 78] 66. 840. 2 38/118, 3171.1] 98/169. 7102. 0 58221.4/132.9 T 

19146 3/09, 8 79] 67. 7140.7 390119. 1 71.0 99/170. 5 02. 5 59 222.1 133.4 
10. 3] So] 68. 41. 2] 400120. 072.1 200171. 4103. 0 60222. 8133.9 
10. 8 81] 69. 441.7 141/120. 8 14 201172. 763.5 2610223. 7134.4 
11. 3J 82 70. 3042.2] 420121. 773.1 21173. 1104. o] 62 224. 5 134. 9 

[11.8 83] 7 «1142.7 431122, 6173-6] oz[174. 0104. 5 63225.4|135+- 4 
12.4] $34] 72.043. 3] 44/123. 4174-2] 04174. N 105. of 64 226. 2136. o 
12.9] 85 72. 8043. N 451124. 3174+ 7] 051175. 71105. 6] 65 227.1 36. 5 
13.4] $6] 73. 74.3 460125. 175.214 06/176. 5106. 1 661228, 0 137-0 
13.91 37 74. 6044. 8 471126. 0175+ 7] 07 177. 41106, 6 67228. 5175 
14.4] 88 75. 4/45. 3] 480126. 8176.24 080178. 3107. 1 68/229. 5 138.0 

91+ ++ 9 89 70. 3 45+ 1491127.7 76. 7 091179. 11107. 6 NN 39-3] 

1193 $ GO 77-1140. 4 2128. C 6 223 +BY | 30. ©1 100. 2 701231. 4 139-1 

6116. off 91 78, 0140.9] 151 129. 4177-8 21/180. $;108. 7] 2711232. 2j1 39. 6 

$140. 3 2| 78. 8147.4] 52/130. 3078. 3 12|181, 7109. 2 721233. 1140. 
7-0 93] 79.747. 9 53j131. 147%-d 134182. 51109. 7] 73/2 34-0140. 6 

117.5] 94] 80. 0048. 44 54/132. 0079. 3] 14/183. 4110. 2] 741234. 8{141. 1; 

01s. o 95 81.4 48.9 5 5 32. 879. 8 151184. 3 110. 7 751235.7 141.6 
+; hg. 96] $2, 3146. 4 560133. 7450- 3 16185. 1111.2] 76{236.5 gf 
„7119.11 97 445d wig $711 34. 5080.9 178.0111. 8] 771237. 41142. 7] 
619, 6] 98 84.0150. „l 58/135. 481. 44 18 186. 81123] 780238. 2143.2 

129.114 99 84. 8051. 59/136. 3081. 9 19/1187. 7 112.8] 791239. 1 143.7 

129.6 1000 85.1. 5] 559/137. 182. 4 200186. . — 80/240. 00144. 2 

121.1 101] 86. 652.4 10138. 0082. 9 221 189. 4113. 8 2810240. 8144.7 
21.6] 02] 87. 452. J 62 138. 8883.4] 220190. 3114.3] 82/241. 7145.2 
223 88. 353. 63/139. 7083.9] 23|191.11114. 8] 83242. 5145.7 
22.6] 04 89. 13. 644140. 5 84.51 24 192.0 115.4] $4 243. 4/146. 3 
23-2] 5 90. 054. 1] 65141. 4085. 0[ 25192. 8115.9 85244. 2 136. 8 
23-7] 06 90. 8054. 6 6/142. 3435-5} 260193. 71116. 4 86245. 11147. 3 
*4+2] 07 91. 755.1] 67/143. 1486.0 71194. 5/116. 9 87 246. 0147. $ 
24-7] 056 92. 6055. 60 680144. 0086. 5] 2895.401174 88/246. 8/148. 3 
23-2 09] 93.456. 1] 69144. 8 $87.0 291196. 3117.9 $9'247. 71148. 8 
25:50 19] 94: 3/56. 7]_ 70145: 7/87:6]_ 39,197- 11118. 5} 90/248. 5149. 4 
26. 3 111 95.157. J 1711146. 5088. 16231 198, 0119. 002 291249. 4149. 8 
26.8] 12 96. 0[57. 7J 721147. 488. 6 2198. 1119.8 922 50. 21 50. 4. 
27.3 13 96. 8 58. 2 73 148. 3 89. 1 331997120. 0 4 80 11150. 9 
27.8 14 778. 741149, 1 $9. 6 34200. 5120. 5 41252. o151.4'y 
28.3 18 98. 0159. 2 75 50. 0.90. 1 350201. 4121. 0 44 tg 8151.9 
28. df 1 99. 459. 7] 76 150, 8,90. 6 301302, 31121. 5 +: 253.7152. 4 
29.4 17100. 306. 77 1151.701912 37/203. 1122.1 97254. 8 153. of! 
29. 9 18 101. 1460. 8 781152. $191. 7 38/204. 04122.6 98\255- 4 153.5 
39. 4 19 102. o 61. 3 79.53.4922 30 204. 8 123.1 99,2 56. 2 I 54. 0 | 

#1. 120 102. 8061.8 180154. 392.7 2400205.2 123. 6 =p 3711545 

en, ＋ 1 — * — I 3 : 
ep Lat, Diſt Dep. Lat Diſtl Dep. | Lat t] Diit|Dep. | Lat. Diſt Dep. Lat. ö 
for 50 Degrees. ö 


2 N * 
— . y 
"4 


* 
4 
id 
* 
4 
= 


* 
14 

Me 
i 

; f * 
10 
ial 
$5 | 


-_— 
— - 


Dr 
R 8 
DR — EDO 


TA III. Difference of Latitude and Departure for 32 Degree; 
5 J. 


— 


; 


= _ Nr ——— 

bn bee DepſDit] Lat. [DepſDin] Lat asp lan Dep. Dia 

100. $00. 5} 610 51. 7/32. 3Þ 121102. 604. 1187 153. 51 95-9 ie 

2 0. 7 621 52, 0132.9] 22 103. 5104. 7 82/154. 3] 96. 5 21205, Han 

3/92, 4 who 62 n 23104. 365. 2J 83/155. 2] 97.0 47200. 1120. 

| 4/03. 2z}2.1] G64] 54-3]33-9 24/1053. 205.7 * [50.0] 97.5] 44206. %12 29, 
| 5 04. 402. 60] 65] 55-1134+5 2 5/106, 0/66. 3 3 156.9] 98.1 451207. #12, | 
| 605. 1003. 2 66 $0.01 35-0 26 106.8166. 8 3 5 7 98.6 40 20. 6 0. | 
| 705. 9/03. 7] 67 56. 8 35. 5] 27107. 767.3 870158. 6 99.1 47209. 5139, | 
3806. 8 04. 2] 656 57. 7130.00 25108. 567.8] 881159. 4] 99.6] 48210, 31131, | 
9,07. 604.8 69 58.5 36.6] 29 109. 4/08. 4 8g 160. loo. 2 49,211.2/132.6 a 
2. 112. 268-9] goj161. 11100. J- 212.9 
11 09. 305. 8]. 71 60, 237. 6 131/117, l 69. 4 19161752 oſtor..2 251 I . 
2 10. 2 06, 4 72 61. 1 38.2] 3261.9 75.0 92162. 8016. 213.747 v9 
i » 1 Sejel3, 7133.4 | 
Bo 0/96. 9 z| 61.9 38.7] 33/112.8 709.5]. 93/163. 7/102. 3 63/214. [13 + 
14/11: 9/57. 4] 74] 62. 8 39.2] 34 113.6671. 94164. 5/12, 54/- 15. 10300 11 
| 15 aa ot 75 03.6 39. 8 35114. 571. 6 951165. 41103. 4 $51216, 2/135.1 15 
ö th 6195, 76| 04.4. 49.3 300 115. 372.1 96|166, 21103. 9 361737 111335. 
| 07114 #99. © 77] 65. 3 4%, [ 371116. 2/72.6] 97/167. 1144.4] 877. |; 
1 3129. 75; hay 106 387117. 0073. 95 107. 91194.9 5 N21. 136.5 . 
ö 15178 : 8 79 67. 041.9 39015. 9'7 73.7 99168. 805. 5 59, 219, 6197.1 9 
20/17. 0j10.6]_$0| 67:42. 4] 40/113. $74. 2Þ 200/169. 61106. of 60/220. 3/137. WW 
| 2118 11.1 81 68.7 42.4 1410119 674.7 2011170. 4 106, 5 7 5 A 
2118. 711.7 82 69. 5 43.5 21120. 475. 3] 02171. 3107. 621222. 201 * 
2319.52 8370. t 44.0 43/121. 3/75. 5} 03/172. 1107.6 630223. 001 2 
24/20. 0 7] 84 71-2144. 5] 44/122. 177. 3} 041173.0j108.1] 64j223.91139 7 
2 M34 85) 72. 1145.1 451723; 0170 955/173. 108. 54 651224. 711; T- 
22. 0013. ; 86] 72-9 45-6] 40 123. 877.4 06/174. 7109. 2 66225 6/141 5 
22.914. 87 73. 840.1 47/124. 7/77 of 07/175. 5[109. 7] 671226, 4% 1 
23.714. 5 $$]. 74. 0140. of 48/125. 578. J 08176. 4110. 2] 681227. 314 M; 
24.6 89 73. 447. 40148. 479 oJ 09177. 2110. 8} 69 28, 1114 dl 
2.4.2 99, 76. 3147+ 7 501127. 2 19 10/175. 1 111. 3 70 229. ofig og 
26. 3016. 4 Q1 | 77.2146 2 1511128, 0[S0. © 211178. 9 111.8 271 229. $143 al} 
29. 1117: 0]. 92 78. 0048. 5 521125. 9580. 6 1 179 8 112.4 724 30. 7144 MI 
28. ol17 5 93] 78. 9149. 3 531129. 5181.1 131180. 51112.9] 73 231, $1146 95, 
28, $j18.0 94! 79- 7:49. 8 54130. 6081. 6 14/181 1113. of 74232. 41145 * 
29. 7118.6] 95 80. C 50. 4 551131. 4182.2] 15/182. 3114.0 751233: 2/445 . 
30. 5119.1] 96 1. 5. 9356132. 3082.7 16/183. 2/1 14.5] 760234. 040. 9 
31. 4j19. 6] 97 82.351. J 57133. 1083. 2 17184. 60115. 57/2 34- 91146. Ab 
32. 2120. 1 90 83.151 9 58/134 S3. 7 18 184.9115 5 78 235. 71147 <A be 
33. 120. 7] 99 84. 52. 5] 59/134. 8184.3] 19]185. 7116. 1] 7%36.6%½%½%% ::/; 
33.9212 100 84. 8 5 3. © 60135. 718A. 8] 20156. 606116. 6] $012 7+ 4114%4 2 
41134. 821.7101 Rr" ag 161/136. 585. 3] 221 IN 2810238. 31146. + 3 
35. 6622. 3 286 5054. 62127. 485.9] 220188. 3117.7 82 2 39. 11149 A 
4330. 5 1 ** o 57. 3084.6 631138. 2186.4] 23/189. 11118, 21 83/240. 9150. data 
4437323. 3 04 $ 2155-1 64, 139. 1080. 9] 24/190. o[118, 7] 84 2 40. $150. 6 
| 45 38. 223.9 05 89.0055 7 5 139. 9187. 5] 25/190. 80119. 31 85/241.7 151 46 30 
0 39.0024. 4 06 8g. 956. 2 2128 $188, of 266191. 606119. $f 862425 151. 4710 
i 39. 9/24. 9] 07] 90. 756.7 228 6,88, 51 27192. 5120. 3 870243 52.4 4040 
4 10. 7/25-4| od] 91.0157. 2} 68142. 5/89. of 25/193. 32. 80 $5/244-7 [52. 941 
41. 6/26. of og| 92. 457. l 69/143. 3/89. 6] 29.194.221. 4 8924 %% K 
1 2. 4/26. 5] 10| 93: 3158. 3 79|144. 2/99. 1} 39/195. Ol121.9] 99 2 45+ 911551 7 
4 51143. 2 27. [ 111] 94. 1;8. 8 1710145. 0/99. 6 2 31!195.9j122, 4] 29 246. 8154-1 . 
i 44 1127. 6] 12 95.0059 4 72145 0091. 2 221196. 5112 21247 7. 61154 A 
| . . 145.991. &} 32/199. 71123. Of 9-1-7 12 $3!44 
' | 44.9 28.1 I 3 95-0 59.9 730146. 91.7 33/1197. 6 123.5 93 2 46. 5119) 34/45 
'v 45. 8128.6] 14 $0. 7 60. 44 74/147. 6192-2 35198. 4[124. of 941249: 3|'2) %% 
| 46. 6129.2] 15! 97-5 61. 0 75 148. 492. 8 35/199. 31124. 6] 95/59, 56145 
47- 5129+ 7 16! 98. 4'61.5] 76/149. 293. 30 36200. 11125. 1 96/251. 0136 $7147 
48. 330. 2 17] 99.262. 0 57 15 1093. 8 37/201. 125. 6] 97/25! 97. 
49.230. 7 * 109. 1162.5] 78150. 94. 3] 380201. 80126. 1] 98/252 70, 
50. 031.3 100. 9163.1 790151. 8004. 9239202. 7126.71 99 253˙ 6% 30 
50. 9031. 8 og 101. 8063. 6 189 N20 6195. 4J 2400203. 51127. 2 300254 U 55 

[Diſt Dep} Lat 8 Lat ist Dep. Lat Diſt Dep. Lat. Diſt Dep. Li 

5 — 
tor 58 Degrecs. 8 


E I 


: Dit Lat, | _— 
3 At Dep. 1 131.2 
F Lin Lat. 1202. 1. 8 
. ü 8.61 24 9113 0 
g 3 1 9 2202. 7 2.3 . 
[eplDit | 65.9] 15] 6 1 12046 1 1 
ce PIE ROLES 1 75 % 
dee a 2 $3. 2 RE] 102. 3 1 8 83 "= 1 4 2035. 5 13 © = 
Lat. I 51 8 22 67. ® i 34+ 3 8 45 I 34. r! 
#194) "9 6 0 33. 193.1 = 34 3 100. 6206. 3 28 
(2%, $109. 5 wel Lead? n 9075 1 8 eg. 33 1134.5 1 
4 8 63 52.8 14.6 4 85 dr 87150. 0 5 8 2 22. of 
-| 3 . 5 734 51904. 653.6 { 56. 81 7 $1209, 0 1 1 
02. 501 2 04] 53 5 35-4 26105. 9/68 2 $711 50 102.4} 4 206, 8 123 2 | 
br Ah 65 + 3.9 pid 06 4 $199-9 88 i 2 135. 1 
| 2102. 6 65 5. EE - 27 3 09. 7 7 I 39 50 136.7 * 
94.2 0 | 2139.5 8 a 80 103. 5 5113 116 
6.0103. 67 * bang 2 e 70 SEE 251 WA : I 37-2 * 5 
1 gloz : 68! 57 2137 7 29 9. 070. {22/02 2104 ( $2]211T, 3 137-60 15 
1364 9 3” 2 Wt 191 194. 6 212.2 1 jp 
6.7104 4 Gy: 57 ah bd, þ $ I, 7 61.0 Pe ' 28 8. 3 i 1 
_ 18 9 70 5 8. 31 131 109 1 91 2 ** 8105.1 1 8 138. 74 | 
\ a 4 : MS 8.7 2 110. 7 93 Is 105.7 | | 3. 2 
8. 405 * AE 59.53 5 2 | 2,4 - 52. , 5 2 = 94 
e 3 = 4439. 21 33/1 1088172- 4 e . +2 / $148 | A. 
L 731 61 2,39 x HE 273-5 8164: 4 4 57/215. 5 149. 5 1 
- 1 Wy 62. 4 4 5 11 . 5 i . 2/4 * 8121 . 3 1 
od gd 4; bg 10. 8 . 4 971405 0,107.8] 5 217.2 I'4 6 1 
1197 198 N 9, it 981166. 0, 03.4} 59 8 91141. 
. 8 2.74.4 eie 165. % — ley 1 
108. 7 25 64.041 2 380115. A 5.7 79 167, 711.99; 2 2215.914251 
, i, as . 3 6. 175 c : 22.4 I's EY 42. 7 
. 791-26: 24 . 6.82 ogy 4[110, 6] 63/220. 43. 8 
* 9 10 3 0 6 2 141 (1h. 2/7 3 02 76. 21110. 6 64021. 1 3 
* to. 9 4 44- ! 21119. I 45 0 97. 111.1 222.2143. | 
bins — 51 67.9 it 42 77˙9 171.1 6 65122 [144-9 
J. — | * « 8 4. 7 119 2 ©], / 411.0 ' 23.1 3 | 
— 6 11 1 82 OS, « +4 2 43 9 75.4 5 171.9 * 06/2 911454 
2 18 * 8 69 * e e 405 " 06/172.8112, 2 67 05474 + 4 > 
„1 13 ( 85 2. 1146.8 — 5 6 884 74 31113. 5 92 26 1147 1 
9-4 13-0 72.1). 171 O. , 17042 — 6 
3 e olerealirt e 
c.] 6114.7 83 49 49/125 $81.7 ws fol G rs 2 3 5148.5 
0 2 i Bh, 49%. 5 oO 128. "os 176. 7222 148.7 
a 18. 89 74-6 4 o 50/125 4157.2 121177 8 113 a 73 2 149.2 
i 4. 315. go! 75. 5120.0 82. 8 ne 78. 6011 74229. 149.8 
1 16.3 25” 49-60 127. I { 27 116. 3 2 6, | 
22 5 91} 7.34 il 52, 8. 383. 3] 14179. 5 17.1 75/23 5150.3 
: 26.0116 < Bi 77+ 2 50. 8 83.9 4 89.3.1 70/231. 50. 9 
4 | 91 77 39.0] cat 0d Rod 15 1176 diet 32. 3j15 
817.4 ( 3 79.0 2 * 54, 4 014. 4 16, 181. i 8. 2 77232 I 31.4, 
18. 0 9 8. 8 * 55130. 55.0 182. 0 11 781233. 151.9 
8 9407 7151.7 130. 8 ky 4 8 118.7 e 4.0 ut 
; 18. 5 2 79.7 J 50 7165. 5 1 # 3 19123 \ 132 3 
19.1} 95 $0. 5 52.3 2431 28.8 $3. Ms $012 34- o. 
2119.6 90 81. 3 52.8 $810.32: e - 1 7 19187. 51119. $ | 233-6 155-0 
0.20. 2 we 82.2 53.4 59 133- 87. 4 185.3 120, 4 5 5/153. 
20.7] 9: 8 in 60 134.2 OY 221 185. 2 120. 9 be 37 
g 1 99 83 9 54+ 5; 135. 0407+ 7 NN diene: 4 031237 2 154.7 
«7:21, 2 ol $2. 61 : 88. 2 22 87 8 238. 88.2 
4.8 — $5.0] 5 138.942 7 23 12 8122.0 51239. 0,15; 8 
a P 8 7 — 62 88. 4 8 4 85 2 
| Mi ET + X 6. 7 i 22.5 | 3155 
3 Sq 2 22,9 $6. 4 56. 04 137. 1489. 28 84 5 12 © 3 871240. 146. 8 
d, » ou 2) 03 | 6 6 8. 4 { 26 1 9. 5 6 „ 1 £ þ 
'4 3136.1'23. 4 87. 2 56. 65 13 9.4 81421 8824 4137.4 
1 I 43/36. 1/2} . 2 21) 27 19 24.2 242.4157 
— 44/36. 9 +. oz $8.1 „ 39 0%. 9 1 191. . 3942.4 157. 9, 
/ 4 1607 724. 5 7 58. 9 57. 67 140. | 15 5 15 5 . 78 
hich ik: * 89. 7 58.3 68 12.997 A 2228 244.0 138.5 
151, 49:39, 7 ; 58. 8 | 1. 794. 9192. a 291 159. 0 
151 15.“ O08 3 Gy 142. 6192. 6 : 193.7 12 +4 < 9212449 159-0 
12 43/49. 3 26. 891 91.4 — 91 20 93. 1 44 "6 $20.3 3 
4 | 2 26.7 | 24 527 1 3.4 — 2 94 126. 9 ders 6. b N 7 
1525 794 | 10 - - 171 4 293. 4 195.4 N 9424 6 160 44 
4 50 41.927. 2 9 . 1 60. 5 "2/144. 2 2 33 1 5 1247.4 p 2 
134 9 RN 111 93 61 0 14 2 1742 34196. — | * AN 2181.2 
= HT 43-40 1 74/145. 9194-8] 3 Ad ayes 96/24 1161.7 
1 243.0 28. 3 94. 8 74 1 11 $ 35 197 9 12 ' 972 T9 ' 162 3 
| Mh 28.9} 13 5. 6.62.1 751146. 8195 81 36! 71129. ! 81249. dF 
3 1.425 1 93+ | C 42 ay 695. 71198. — 1 G J 7; 102. | 
5448. 219 — 4 4 62, 76,147. Þ 30 0 129. 259.7 63.4 
145.329 8 99.4 2 78 a 50. 4 199. 6 99) 0 193. 
» 9.0 15 7. 3/63. 2 77 148. 4 1 11 130. 2 251. 
566.103 ; 10 1 6 7 58 149 1999 390. 31130. 7 . 5 Lat. 
%. 0:30. 7 98.1 1142 57 ep. 
. * 4719 0 64.3 5 159.197 4.42421. at. Dit Del 
9 8 Q. v 9 98. . 
8.631. 6 2 7 8.64. 80150. 0 1d Dep. 
8 1 19 99. 8.4.1 Lat. Di 
. loo. G 1 * 711 Dep. 
| 7 12011 „t. Di it: AR 
| at, Dit Dep. 
. 


z 
it 
j 
i! 
19 
* 


— 


— 2 —__ * ar” 


- by © 
— —_— _ © 


+. "4 * 
: —_ _ 


* x 


- - 


— — - 4 


: kk 4 FE 
— "»* * L 


- + 


| 


* . . . r 
Diſt] Lat DepIDiſt Lat. DepfDiſt Lat · Dep. Diit] Lat. Dep. Diſt] Lat, Dep. 
I dſoo. 8100.6] 61 2 34. 1[121too. „ 67. 7] 181150. 001. 2 241199. 317.4 
2101. 701. 1] 6251.44. 7 2101. i] 68. 24 82150. 90. 8 20200. 60135. 
3192. 501. 7] 63052. 235. 2J 23102. of 68. & 83151. 702. 3 43/201, 1j. 
4193. 302. 2J 6453. 1035. 8 3. $1 69. zf 841 52. 5 102. 9 44 202, 3130 : 
5194. 102. 8] 6553. 936. 3 + | 69. 1 8; 153. 41103. 5 45'203. 1 Toh 
6{05. oſoz. 44 66154. 7 36. 9] 26[104. 5} 70.54 86154. 2 04. o] 46/203. 91137, 
7195. $03.9] 6755. 5[37-5} 27/105. 3] 71.of 57/55. 0104.6] 47/204. 138. 
$[06. 604.5] 68 56. 4/38. of 28/106. 1] 71.6} 88/155. 9 of. 1] 48[205, 61138 
9197. 5105-0 69 57. 238. 6] 291106. 9] 72. 1 891156. 71105.7] 49 206. 4/139, 2 
1 OS. 3 o F. 6 70 33.0 39-1} 30j107. 35} 72, -1 golt37 906. 2 501207, 30139.“ 
1109. 1006. 2] 7158. 939. 7] 131ftoS. 6 73. 3 91/158. 3106. 8] 2510208. 11400 
1209. 9006. 7} 72159. 710. 3 32109. 4| 73-5} 92159. 2107 | 521208. 9 140. 
13 10. 8807. 3 73 60. 5140. 8 33110. il 74.4 93 160. 0/107 91 53209. 7;141,; 
14111. (0. 8 54161. 3Þ41. 4 340111. 1 74. 94/160. 8/108. 5 54 210. 6/142, 0 
1512. 4j98. 4} 75/62. 21.9 351.9 75.5] 95/161. 7109. of 55/211, 4142.6 
1013. 308. 9 76163. o[42. 5] 361112. 7] 76.18 g6[162. 509. 6 56 212. 2143.2] 
1714. 11099. 54 7763. $14z.1] 37113. 6 76.6] g7ii63: 3110. 2] 5713. 114357 
1814.9 10. 1 7864 73.6 38j1114. 4] 77.2 98 164.1110. 580 213.9 144. 
19]15. 810. % 79/65 5143.2] 39115. 2 77. [ 99/65. 0111. 30 59 214.714 
20016-6011. 2 80 66. 3044.7 400116. 10 78, 3 2000165. 80111. 8 600215. 5 143.4 
2117. 4011.7 81167. 1045. 3J 1410116. 9 78. 8] 2010166. 6112.4] 261216. 4/146. 
2218.2 13. 3 $2108. 0145.9 2]117. 7] 79.4] oz2[i107.5j113.of 621217. 2146. 
239,412.94 $3168. $146. 4} 43/118. 5 $0. of 031168. 3\113.5 631218, 0147.1 
2419. 913.4] 84/69. 607. of 44119. 4] 80.5] 04/169. 1114. 1] 64/218. gl147.t 
2520. 714. of 8570. 5147.5] 45120. 2] $1.1] 05169. 9114. 6] 65/219. 7 140.2 
2621. 614. 5] 8617 « 3148. 1 461121.0| 81,6] 006/170. 8115. 2 661220, 5 148. 
722.4015 1 8-172. 1148.7 4712.9 82.20 0771. 6115. 8} 67 221.300 
283.215. 71 88 73.09. 2 480122. 7] $2.8} 08172. 4116. 3] 680222. 21.5 
294. 0016. 24 89/73. $149. 8 49/123. 5 83.3} oft 73. 3116.9 69 22 3. 130. 
__ 39]24- 9116. 8 9074. 6130. 3Þ 501124.4} 83.9] 10174. 11117. 4 70 223.8151 
31025. 717. 3J 97/75. 450. 91510125. 2 84.44 211174. 9118. of 271[224.71131.3 
2026. 517.9 276. 351.4 2126. of 85. 121175. 7118.6] 721225. 5152-1 
3327. 418. 5] 93/77. 1052.0] 53/126. 80 85. 66 13/176. (119. 1] 730226. 3132, 
34 28. 2119.0 9477.92. 54127. 75 86.1 141177. 4j119. Th 74 227. 11153. 
35129. o[19. 6] 9578. A5 3. 1 551128. 50 86.7 15178. 20120. 2] 9751228. 0/153 
3629. 8020. q! 9679. 653. 756/129. 3} 87. 2Þ 16179. 1120. 8] 761228. $1134. 
3730. 720. 7] 9780. 454. 2] 57/130. 2 $7.8 71179. 9/121. 3Þ 7722961565 
38}z2. 5021.2 98081. 2154. 8] 8131. of SS. 44 18/180. 7]121. 9] 78230. 501551 
39132. 3021. 8 99 82.1 55. 44 59131. 8 88.9 191181. 66122. 5I 79/231. 3/156. 
40033. 2 22. 4 10082. 05 5. 0 6o[1 32.6 89. 5 2001 82.4 123. 0 8032. 11564 
41 34. 0 22.8} 101083. 8056. 5 1610133. 5] 90. 0 2210183. 2123. 6} 281232. 9/157 
42134. 8023. 5] 02084. 657. of 620134. 3 90.6] 220184. 0124. 1] 821233. 815% 
4335. 6024. o0[ o3'85 4157-6] 63[135-1| 91.1] 23/184. 9124.7] $3 2 34. 6/150 
4436. 3124.6} 04186. 258. 2} 64136. 0 91.7] 241185. 7125. 3] 84235. 4115 
45037. 323.2 o5 87. 0158. 7 5136. 8 92. 3] 251186. 5012 5. 8] 851236. 31139 
4638. 125.71 06187 9139. 3] 65/1 37. 60 92. 8 260187. 4126. 4] 86/237. 101 
4739. 0 26. 3} 0788 759.8 71138. 4] 93.4] 27/188. 2126.9 8737.9 the 
48039. 8 26,8] os 89. 5 60.4] 68/139. 3 93.9} 28/89. 0127. 5 881239. 0 101 
4940. 6627.4 09199 461.0 6911 40. 10 94. 5f 29 189. 81128. 1 8g\2 39. 61161 
| $0141-5 28. of 19,791 2.01.5 701 40. 9 93.1 30199. 7 128. %% 9,245.4 
51 42. 3128.3] 111192, 062 10 1511141. 80 95. 6 2310191. 5 129.2 291241. 2015 
$2143-1 29.1] 12'92 862.6 721142.6| 96,2} 32j193. 3129.7] 920242. 103 
3343. 929. 6 235.77 731143- 4] 90.7} 331193-2[130. 3} 93 242. 9/16} 
54/44- $]39-2} 14/94. 563.71 74,144. 297.3] 34/194. 9/139. 9 94/2437 
$5145. 6 30. 88 15 95. 3164. 3 751143. 97.9] 351194. 8131.44 95 2 44-6110) 
56.46. 431. 3 16 96. 2.64.90 76145. 98. 4] 361195. 6 132. of 96/245 4/05 
„ eee 13 on 4 | „246. 21160 
$7147- 3131-9] 1797-9195. 4 771146. 7 99. 0 371196. 51132. 5] 97124% | 
58/48. 1032.4] 18:97. 866. of 78,147.6| 99. 5Þ 38]197. 3/133-1 961247-0%, 
59143. 9] 33-0] 19 98. 7/6. 51 79;148. 4j100.1] 39198. 1 133.6 99 247-9 
60 49. 733.6 120 0. 51. 1 180/149. 2100. 7] 2400199. 00134. 2 300.248. l 
Diſt Dep LatſDitt Dep Lat. Di Dep. at. Diſt Dep.] Lat. Diſt Dep. I 


D 


— — — 


— -| 
Land — 


TAETLE III. Difference of Latitude and Departure for 3 5 Degrees, 
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TABLE III. Difference of Latitude and Departure for 36 Degrees, 
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| 44 31. 6030. 6 0474. 5 161.155.610 8412043 j1, 
45132-4311. 3] 0575-5 161. 80156. 3} $51295+ oſig 31. 
46033. 1032. [ 0676. 2 162. 6157. of 860205. % 5. 
47033. 8132.6] 07/77-0 163. 3157-7] 87/296. %% 
| $ 7 164. 00158. 44 88207. 21% In 
| 164. 71159. 1] 8912079 9134. 
165. 4/159. 8] 90208. 6]: . 


166. 2160. 4} 291209.30 
166. 9161.1] g21210-* 
167. 61161. 8] 93 210.6 
168, 31162. 5] 9411.55 
169. 0163.2] 951212+7| 
169. 8[163-9] 96121291" 
170. 51164. 6] 97 213.61 


171.2165. 3] 95 214.40 41, « 
| 59447- 4 $1.6 19085. 171. 91166, of 991215: . 
__ 0143-2 . 86, oe 3123-4 172. 6 (2, 4 


| Dep. Tat. Lat. Piũ Pen 
for 46 Degrees. 
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. I. Difference 2 Latitude and Departure for 45 Degrees. 
— rn tn nm oj 


Dutt Lat. Dep. Di it Lat. | Dep. IDiitſ Lac. 
G1 85. 60 $5.6] 1811128. 00128. of 2411170. 4 
62 86. 3] 86. 3] 821128. 7128.7 421711 
63 87.0] 87. 831129. 4129.4] 43171. 
64 87.7] 87.7] 84/130. 1130. 1] 44172. 5 
65 83. 4] 88.4] 85/130. 8130. 8] 45173. 2 
66 89. 1 89. 1 860131. 5131. 5 46 g. 
67 89. 80 89. 88 87132. 2132.2] 47174. 6 
68 90. 5 99.5] 88132. 9132.91 48/175. 4 
69 91.2 91.2] 89133. 6133.60 49176. 1 8 

2249. 221.34. 334.30 go[t76. 80176. 
71 92.7 92.9] 151/1351351 251 177.5 5 
72 93-3] 93-3] 921135-8|135.8] 521178.2 
73 94. 0 94-0] 93/136. 5136. 5] 53j176.9 
74 94.7 94-7] 94/137. 2137.2] 54/1796 
75 95+5| 95-5] 951137-9]:37-9] 55/180. 3 
7615 96. 2 96.2] 96138. 6138. 6 5187. 0 
77 96.9 96.9] 97/139. 3139.3] 5701877 
78155. 97.6 97.6] 98/140. 0140. 0] 58/182. 
79155. 98. 3] 98. 3] 991149. 7140. 7] 59185. 
8056. 99- 0|_99- of 200[141- 4141-4 600183. 8 
81157. 3 99. 7] 99. 7] 201142. 1142. 1 261018. 
8258. o 100. 4100. 44 02142. $1142. 8 620185. 
$3158. 7 101. 1j101. 1] 3/143. 5143.5] 65186. 0 
$4159. 4 101. 8101. 8] 04144. 21144. 2} B41186. 7 
8560. 1 102. 5 102. 5] o5[144.91144-9} 651157. 4 
$6160. 8 103. 2 103. 2] 060145. 7145. 7] 661188. 1 
87 61.5 103. 9 103. 9 7146. 4/146. 44 67/188. 8 
88162. 2 104. 6 104. 6] o8/147. 1147.1] 680/189. 5 
89162. 9 105. 4105. 44 09147. 847.8] 69190. 2 
90163. 106. 1106. 1] 10148. 51148. 5} 700190. 9 
91 106. 8 106. 8] 211149. 2149.2 2710191. 6 
92 107.5107. 5 121149. 9149.9 721192. 3 
93 108. 2 108. 2] 13/150. 61 50. 60 73193. 
94 108. 9 108. 9 144151.3 151.3] 74193. 7 
95 109, 6 109, 151152,01152.0] 75/194. 4 
96 110. 3,110. 3} 160152. 7152.7] 760195. 2 
97 111.0 111,01] 1753.411534 77195. 9 
98 111. 7111.7 181154. 1154. 1] 780196. 6 
99 112.4112. 4] 19154. $1154. 8] 791197. 3 
100 113.1 1\113.1] 20155. 66155. 66 801198. o 
101 113. 113.5113. 2210156. 3156. 3] 2811198. 7 
02 114. 5 114.5] 22157. 0157. o0[ 82199. 4 
03 115.3115. 3] 23/157.7ʃ157.7 830200. 1 
04 116.0 116. of 24158. 4158. 44 84/200. 8 
05 116.7 116. 7] 25159. 1159. 1 85201. 
06 117.4117. 44 260159. 8159. 8] 860202. 2 
07 118. 1118. 1] 27160. 5[160.5] 87202. 9 
08 118. 8 118. 88 280161. 2 161. 2] 88203. 6 
og 119. 5 119. 5 2961. 9161.9 85204. 3 

10177 120. 2 120. 2 300162. 6162. 66 900205. 1 
111 120. 5 120. 9 2310163. 3163. 3] 291/205. 8 
12 121. 6 121. 6 320164. 0164. of 920206. 5 
13 122. 3 122. 3] 330164. 7164. 7] 93/207. 2 
14 123. 0 123. [ 34165. 5165. 5} 94207. 9 
15 123. 7 123. 7] 35/166. 2166. 2] 95/208. 6 
16 124. 4 124. 44 36166. 9166.9 96209. 3 
17 125. 2 125. 2] 371167. 6167. 6] 97210. o 
18 125.9 125.9 38/168. 3/168. 3} 9802 10.7 
19 126. 60126. 39169. 0169. of 99211. 4 

120 127. 3127 3] 240169. 7169. 7 3002 12.1 

Diſt Dep. Lat. [Diſt Pep. Lat. |Niſti Dep. 


for 45 Degrees. 
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Of Logarithmic Sines, Tangents, and Secants, to every Point 

and Quarter Point of the Compass. | 
| £ Sos agen — 
2 | | 2 oe 
= | Sines, [Co- ſines. Tangent. Co-tang.] Secant. |Co-ſecant] .z 4 
a 2 01 
"+ 6238 k —_— 0: 
0 o. 00000[10. 00000] o. 00000] Infinite. 10. 00000] Infinite, | 8 0: 
o + | 8. 69079] 9. 99947] 8. 69131011. 308070. 00052 1. 30921 q2 0. 
o + | 8.99130] 9. 99790 8. 9934011. oo. 0021011. oo879] 7 2 | 2 
© + | 9. 16652] 9.995279. 17125 10. 8287 50. 00473110. 83348 74 i 
Ky: Ws. 0 

.# 9. 29024] 9+ 99157] 9. 29866|10. 70134110. O08 43 (10. 70976! 7 8 
I 5 g+ 38557] 9- 98079} 9. 39087810. 60122110. 232 1010. 61445) 6 3 5: 
1 + | 9. 46282] 9. 980880 g. 48194010. 518000. 0197210. 53718 b 4 0; 
1 4 | 9- 52742] 9+ 97385] 9. 55305] 0+ 4463510. 0261610. 47258 61 ” 
y „ a 

2 9. 5828 9. 96502] 9. 6172200. 38278010. 03438 $0-41716 6 — 
2 49. 63099] 9.95616 9. 67483010. 3251710. 0438410. 36901 5 2 07 
2 E 9. 07339] 9+ 94543] 9+ 72796|10. 27204 10 05457 10. 32651 53 * 
23 9- 71405] 9.93335 9. 777 70410. 22230/10- o 005] r4. 23895) 5 5 jr 
3 9. 74474] 9+ 91985] 9. 8248910. 175110. 0801510. 25526] 5 0 
3 I | 9. 17503 o. 90483] 9. 87020010. 1298010. 0951710. 22497] 4 + 
319. $0236] 9. 88819] 9.91417 [f. 08583|10. 1118110. 19764] 4 10 
349. 82508 9. 86979] 9. 95729] 10- 04270j10. 1302 1010. 17292) 4 4 10 
* 10 
4 9. 84948 9. 84948 ro. 00000] 10. o0000}10. 150 52010. 15052] 4 — 
8 Pea ' WES 2.11 
| Co-ſines,} Sines. | Co-tang. Tangents \Co-ſecant| Secant. | 3 

—_ F 8 a: 
I2 

A Table of Logarithms from 1 to 120. + 

13 

g 3 | — 3 

No. | Log. No. Log. | No. Log. No.] Log. No. Log. No.] Log Is 
| — — 14 

1 o- Oοοο 21 [1.33222] 41 (1612780 61 1.78533 81 1908491101 9 14 

2 | 30103] 22 | 34242] 42 | 62325| 62 | 79239] 82 [913810 02 * 15 

3 | 47712] 23 | 36173] 43 | 63347] 63 | 79934} 83 91908] 03 | 09 15 

4 | 60206| 24 | 38021] 44 | 64345| 64 | 80618] 84 | 92425] %s T 

5 | 69897] 25 | 39794] 45 | 65321] 65 | 81291] 85 | 92942} 95 | ON 10 

6 | 77815 26 | 41497] 4666276 66 | 81954] 86 | 93459] 96 | 23H 16 

7 | 84510] 27 | 43136þ 47 | 67210] 67 | 82607] 87 | 93952] 97 | 298 16 

8 | 9030g9| a8 | 44716] 48 | 68124] 68 | 83251] 88 | 94446 os | 933i 17 

9 | 85424 29 | 46240] 49 þ 690 0 69 | 838850 89 | 94939 09 * 149! 17 
to [ooo 30 | 47712] 50 69897] 70 | $4510] 90 9542401 1 th 217 
11 1.54139 31 1.491360 $1 1.70757 71 35126 91 1959040111 2 17 
12 | 07918) 32 | 505151 52 71600] 72 | 85733} 92 | 96379, *? = 18 
13] 11394) 33 | $1851] $3 | 72428] 73 | 86332] 93 | 96848) 9 18 
14 | 14613] 34 | 53148] 54 | 73239] 74 | 86923] 94 | 97323} 1 ih 18 
is | 17609) 35 | 54407] 55 | 74936] 75 | 87506] 95 | 97772} 31 gi 19 
16 | 20412] 36 | 55630] 56 | 74819 7 88081| 96 | 98227 9 þ 19 

7 | 23945] 37 | 56820] 57 | 75587] 77 | 8649] 97 | 98677} 0 tg 

18 | 25527| 38 | 57978] 58 | 76343] 78 | 89209] 98 | 99123] I" | - ig 


20 | 30103 40 | 60206 6 57815 8 90 zogſioo 2. 0000020 


— 


19 27979 39 | 59106} 59 ks 79 | 89763 99 | 99564| 19 


—  ———— 
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A Table of Logarithms fr from. 1 to 10,000. 
FFF oo 
300 2. oo z 2-00087|2.001 30 2-007 3|2.09217|2.00260 2.20 3032-00346 2.00389] 
00432] 00473] 00518] 00561 00604] 00647] ocb8g] o; 0775] 0187 
ooo] 00903] 00945] 00988] . 01039] 01072| oills} oli57} oilgg| o1242 
01284| 01326| 01368] o1410| ©1452; 9149. 01536] 0157S) o1620| 01667 
1703 01745} 01787 01828] 01870] oiyt2| 01953} 1995 02036] o2078 
02119] 02160] 02202, 02243 02284; ©2325} 02366| 02407| 0244y| ©2490 
02531; 02572 02612} 02653 02694! 02735} 02776} 02816} 02857| 02898 
o 29380 02979] 3019 03060 03100] 03141 031810 03222] 03262| 03302 
03342| 93383] 03423] 03403] 03593 93543, 03533) 03623] 03663] 3703 
og 03743 03782| 03822 03862 03902| 03941 we 1 —_ 04060! 04100, 
2.941 39, 2.94179 2+ 542182.04255 2.04297 2.04336 4376 2.04415 2.04454 2 04403 
04532 04571} 04610] 04050 04689 4727] 04766; 4 Soi 04844} 0488; 
04922 049610 4999 05038 05077 95115 05154! 05192 05231 25269 
03308] 53460 05385 03423 05461 05500 5538 05576} 056144 05652| 
05690! 05729 05767 03805 05843; 05381] ©5916} ©5956 05994} 06032 
06070] 06108] 06145 6183 06221} 06258] 6296 06333; 06371] 06408 
06446| 06483] 06521 06558] 00595 06633; 06670] 6797] 06744} 6781 
06819 06856 06893 069 30 06967 07004} 07041] 07078] ©7115] 071 81 
07188] 07225 07262} 07298 73351 07372 07408] 07445] 07482] o7518 
07355] 07591] 07628] 076064| 07700] 07737} 07773! sog 07846 07582 
2.07918|2.07954|2-07990}2-0302 72.0506 3]2.0%099/2.081 3512-98171 2.98207|2.08243 
08279 o8314 08350 od 380 08422 08458 08493 08529 08565 o8600 
08636} 08672] 08707 087 743 O87 o8814} 08849 88841 08920| o8g35 
o8991] 09026] 09061 09096 o9132] og167| 09202] 09237] 09272| 09307] 
09342] 09377! 09412| ©9447] 094582] 09517; 09552; 095 8 09621 00050 
5| 09691] 9726 09760} 97s 09530] 09864 ogg 09934] 09968 10003 
10037] 10072] 1006 10140] 10175} 10209! 10243} 102781 10312} 10346 
10380] 10415 10449] 10483] 10517] 10351] 10585} 10619] 105530 10687 
10721} 10753] 10789] 10823] 10857] 10890] 10924 10955} 10992] 110256 
29] 11059] 11093] 11126; 11160| 11193] 11227} 11250 11294 11327] 11361 
2.11394/2-11428{2+11461 [2-11 494|}2+-1152%2.11561[2-11594|2.11625!2.11661]2.11694 
11727] 11760] 11793} 11826] 11860} 11593} 11926| 11959; 11992] 12024 
12057 12090] 12123] 121560 12189] 12222] 12254] 12287 123200 12352 
12383] 12418] 124500 12483] 12516] 12548] 125810 12613, 12546} 12678 
127100 12743] 12775 12808] 128400 12872] 12905 12937 1296g| 13001 
13033] 13066 13098 13130] 13162] 13194 13226 132 58 13290] 13322 
133540 13386| 134180 13459 1341] 13513] 13545} 13577, 13609] 13540 
13672] 13704] 13735 13767] 13799] 13830] 1 3862 138930 13925] 13956 
13988] 14019] 14031} 14082] 14114! 14145] 14176) 14208] 14239; 14270 
3| 14301] 14333] 14364/143984 14457] 14489] 14520, 14551} 14582 
14613 2.14644 2.14675 2.14706|2-14737|2+14768 2 2.14799 2.14829 2.148602. 14891 
14922 4 14953 14983] 15014| 153945] 15076! 15106} 15137] 15168] 15198 
15229 15259] 15290] 15320] 1535! 15381, 13412; 15442] +3473 15503, 
15534] 15564] 15594} 15625 15655] 1568;' 5715 15746} 15776 1 5896, 
15836] 15866] 15897] #15927] 15957) 15987} 160174 16047] 16077} 16107 
10137] 16167] 16197] 16227] 16236] 16286} 6316) 16346| 16370 16400 
16435] 16465] 16495 16524 19554] 16584 16613 16643] 16673] 16702 
167320 16761] 16791] 16820] 16850 16879 16909; 16938| 16967] 16997 
170360 17056] 1708;| 17114] 17143} 17173 2 17231 an 172891 
17319] 17348} 17377 17406 17435} 17 7464 17493; 17522| 17551) 17 580 
2.17 760g) 17638|2-17667,2+17696|2-17725|2-17754, 2.17782 2.17 7811 2.17840 2.17869 
"| 17898| 27926 179550 17984] 15013 18041] 1 $070 18099! 18127 18156, 
18185 18213] 18241] 1827 18298] 18327 18354 18384 18412] 18441 
1546 18498] 185266 18554] 18583 18630 18667 18696] 18724 
18752] 18780] 18808] 18837] 18865 18893 18921] 18949) 18977] 19005 
19033] 19061] 19089 19117191450 19173] 19201 19229] 192570 19285 
19312 193400 19768 19396] 19424| 19451] 19479| 19597; 19535) 19562 
19590} 19618] 19645 19673] 19700} 1972S} 197560 19783! 19811 19838 
19366] 19893 19921] 19948] 199760 20003] 20030 20038} 20085 20112 
20140} 20167 20194] 20222] 20249] 20276| 20303| 20330 wi} 20385. 
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Tazit IV. 


A Table of Logarithms from 1 to 10, ooo. 


. 


20710 
20978 
| 20245 
241611 


| 32037 
22298 


23070 
23325 


23830 
24080 
24329 
24570) 
24822 
2 5066 
25310 


l | BY 
2-204349y;2-20., 66 


| 21005] 
21272 


21775 


22557 
22814 


23578 


| 


20737] 


21537 
21801 
22063 
22324 
22583 
22840 


2.23096 
23350 
23603 
23853 
24105 
24353 
2 4601 
24846 
25091 

25334 


»„ä—âk—. 


| 26951 


| 27416 


2.27875 
28103 
28556 
28780 
; 29003 
29226 
29447 
29667 
29885 


712 


27669 
2.27898 
28126 
28353 
| 


28803 


29248 


29469 
29688 


29907 


30103 
| 30320 
30535 

30750 

30963 
31175 
31387 
31597 


31806 


32015 


2.32222 
32428 


32838 


33244 
33445 
33646 
33846 
| 34944 


| 33041] 


2.3012 
30341 
30557 


—— „ — A. As. vt... Mt. 4 


30984 


31408 
31618 


243224; 
32654 
33062 


33465 
33566 
33856 


255312 


| £7439, | 
2.27921 

| 
28578 | 


ö 
29026 
| 
| 


2053 
31197 


31827 
32935) 


| 32449} 
32634 
281 


33264 


$1064] 


28149 
28375 
28601 
28825 
29048 
29270 
29491 
29710} 
29929 
2.30146 
| 39363 
30578 
39792 
31006 
31218 
31429 
31639 
31848 
32056 
2.32263 
32469 
32675 
32879] 
| 


33082 
33284 
73486 
33686 
33885 
34084 


512.2 5600 


3 


20493 
20763 
21032 
21299 
21564 
21827 
22089 


22350 


22608 
22866 
2.23141 
23376 
23629 
23880 
24130 
24378 
24625 
24871 
25115 
25358 


25840 
26079 
26316 
26353 
26788 


27021] 
27254] 


27485 
22715 


227944 
28171 


33304 


* 
+ 
— 
Oo 
+ 


— 


Y 


— 


44 
2,20520 
20790 
21059 
21 325 
21590 
21854 
22115 
22376 
22634 
22891 


8 


2.20548 
20817 
21085 
21352 
21617 
21880 
22141 
22401 
22660 
22917 


2023147 
2 3401 
23654 
23905 
24155 
24403 
24650 
24595 
25139 
25382 

2.25624 
25864 
26102 
26340 


26576 


26811 
27043 
27277 
27508 
27738 
2.27967 
28194 
28421 
28646 
28870 


29092 


29314 


29535 
29754 


29973 


223172 
23426 
2 3979] 
| 23930 
| 24180 
24428 
24674 
24920 
25164 
25406 
2.25648 
25888 
26126 
26364 
26600 
26834 
27058 
27300 
27531 
27761 


6 


2.20575 
20844 
21112 
21378 
21643 
21900 
22167 
22427 
22686 
22943 

2.23198 
2 3452 
23704 
23955 
24204 
24452 
24699 
24944 
25188 
25431 

2.25672 
25912 
26150 
26387 
2662 3 
26859 


27091 


27323 
27554 
27784 


2.27989 
18217 
28443 
28668 
28892 
29115 
29336 
29557 
29776 

29994 


2.30190 
39406 


30621 


30835 
31048 
31260 


31471 


| 31681 
31890 
32098, 

2.32305 
32510 
32715 
32919 
32122 
33325 
33526 
33726 
33925 
47 


| 31702 


| 32118 


| 32531} 


230211 
30428 
30643 
308 56 
3! 069] 
31281 
31492 


31911 


2.32325 


2.28012 
28240 
28466 
28691 
28914 
29137 
29358 
29579 
29798 
30016 


2.30233 
30449 
30664 
30878 
31091 
31302 
31513 
31723 
31931 

"== 

2.32346 
32552 
32756 
32960 
33163 
33365 
33566 
33766 
33965 
34163 


N 


| 


| 
| 


| 
| 21932 
| 


7 


2.20602 
20871 
21139 
21405 
21669 


22194 
22453 
22712 
22968 
2.23223 
23477 
23729 
23980 
24229 
24477 
24724 
24969 
25212 
25455 
222 5696 
25935 
26174 
26411 
26647 
26881 
27114 
27 346 
27577 
27807 
2.2 8035 
28262 
28488 
28713 
28937 
29159 
29380 
29601 


29820 


30038 


2.30255 
39471 
30685 
30899 
31112 
31323 
31534 
31744 
31952 
32160 

2.32366 
32572 
32777 


32980 


33185 
33385 
33586 
33786 
33985 
34183 


| 


N 


ö 


| 


— 


2.20629 


22994 
-2 3249 


2 


8 


20895 
21165 
21431 
21696 
21958 
22220 


22479| 
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TABLE IV. 


A able of L garithins from 1 to 10,000, 
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,00[2. 60206 2, 60217. 60228 
01 Gozi4| 60325] 60336 
660423] 6013, 60444 
oz} 60439] 60540 60552 
oa] ©66;8' 6064y| 60660 
oz] 607460 6075%| 60767 
00] 0853] 60865 6074 
o 60959 60970] 6098. 
od [ 01066] 61077] 6108: 
out 011-2] Gr1i8z] 61194 
41002. 612782. 6128902. 61300 
11 61384] 61395] 61405 
12] 61490] soo 61511 
167595] 61606] 61616 
14] 6700] G1711] 61721 
15] o1%0,| G6181,] 61826 
10] 619% G19:0] 61930 
15] 06:014] $.9:4] 62034 
18! G2118, 62128] 62138 
10 6721 622321 62242 
* 023252. 623352. 62 340 
21] 62425] 624zy] 62449 
221 G2531] 62542] 62552 
23} 02634] 626,4| 62655 
24] 62737] 02747] 62757 
25] 62839] 62549} 62859 
»6} 62941| 62951] 62961 
27] 63943] ©3953] 63063 
28 63144] 63155] 63165 
29] 63246] 63256] 63266 
4 39]2- 63347 [2+ 63357|2. 63307 
zi] 63448] 63453] 63465 
z2] 6354] 63558] 63568 
33] 63649] 63659] 63669 
34] 63749 63759] 63769 
35] 63549] 63859] 63869 
36] 63949] ©3959] 63969 
37] 64048] 64058] 64068 
338] 64147] 64157] 64167 
301 64246] 64256| 64266 
440]2. 64345|2- 6435512. 64365 
41] 64444] 64454] 64464 
42] 64542] 64552| 64562 
431 64640] 646500 64660 
44] 64738] 64748] 64758 
45] 64536] 64846] 64856 
46] 64933] 64943) 64953 
47] 65030] 65040] 65050 
48] 65128] 65137] 65147 
49]_$53235|__ 05234] 65244 
4502. 6532102. 6533102. 65341 
gr] 65418] 65427] 65437 
52] 65514] 65523] 65533 
53] G65610| G5619} 65629 
54} 65796] 65715] 65725 
55] 65801] 65811] 65820 
56] 65896] 65906] 65916 
i| 57] 65992] 66001] 66011 
| 58] 66087] 66096] 66196 
459 66181] 66191] 66200 
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00347 


60455 
60563 
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2. 60249 


6035 
60467 
60574 
60681 
60788 
60895 
61002 
61109 
61215 
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61321 


61426 
61532 
61637 
61742 
61847 
61951 
62055 
62159 
62263 


. 62 366 


62469 
62572 
62075 
62778 
62880 
62982 
63083 
63185 
63286 


63387 


63488 
63589 
63689 
63789 
63889 
63988 
64088 
64187 


64286 
64385 


64453 
64582 
64680 
64777 
64875 
64972 
65070 
65167 
65263 


2, 65360 


65456 
65552 
65648 
65744 
65839 
65935 
66030 


66124 
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£1.43 
2. 60602. 60271 
60369] 60379 
6077 60487 
60584 660595 
60092 60503 
60799 60810 
60906 60917 
610131 61023 
61119 61130 
61225 61236 
2.613312. 61342 
61437] 61448 
61542] 61553 
616480 61655 
617521 61763 
618571 61868 
61961] 61972 
62066] 62076 
62170] 62180 
622731 G2284 
2.62 377\2. 62387 
62480| 62490 
62583] 62593 
626851 62696 
62788] 62798 
62890] 62900 
62992| 63002 
63094] 63104 
63195] 63205 
63296] 63306 
2.603397 2.63407 
634980 63508 
63599] 63609 
63699} 63709 
63799] 63809 
63899] 63909 
63998| 64008 
64090] 64108 
64197] 64207 
64296] 64306 
2. 64395|2. 64404 
64493] 64503 
645910 64601 
64689 64699 
64787 64797 
64885| 64895 
64982| 64992 
65079] 65089 
65176| 65186 
65273] 65283 
2.653692. 65379 
65466| 65475 
6556265965571 
656580 65667 
65753] 65763 
65849] 65858 
65944] 65954 
66039 66049 
66134] 66143 
66229| 66238 


. 60282 


2.61352 


2.62397 
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60390 
60495 
60606 
60713 
60820 
Goy2 7 
61034 
61140 
61247 


G1458 
61563 
61669 
61773 
61878 
6192 
62086 
62190 
62294 


62590 
62003 
62706 
62 808, 
62916 
63012 
G3114 
63215 
63317 


. 63417 


64316 
2, 04414 


2. 65389 


635¹8 
63619 
63719 
63819 
63919 
64018 
64118 
64217 


64513 
64611 
64709 
64807 
64994 
65002 
65099 
65196 
65292 


65485 
65581 
65677 
65772 
65868 
65963 
66058 
66153 
66247 
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69401 


60509 
60017 


60724 
605 z1 
609 38 
61043 
61151 
61257 


61 469 
01574 
61679 
61784 
61888 
61993 
62097 
62201 
62 304 


2.62408|2, 
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62818 
62921 
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03327 


2. 6342812, 
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2. 04424 e 


64523 
64621 
64719 
64816 
64914 
65011 
65108 
65205 
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65495 
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65686 
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65877 
65973 
66008 
66162 
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A Table of Lo. parithms from 1 to 10,000 
R 1 * 
ibo 2.662762. 66285|2. 66295. 663042. 66314 2.66za3\2-0033212.660342|2.00331]2 6650 
bil 66 30 66380 663890 66398} 66408] 66417] C6427) 66436 66445] 66455 
br 66464] 66474] 664830 66492] 65502 665110 321] 665300 55, 66349 
F 66538! 66567 66577 66585} 6 596 6160; 66614] 666:. 696 ,z] 66642 
64] 666521 66691 66671 66680] 66689 66599 66708] 507] 66727] (6,36 
bx! 66745 66755] 6665764] 6677 65783 66792) GOR-i| 65581 650820] 60829 
% 66833] 66848] 65857 66867] 66876| 66885 658 69 66913 6t,.2 
„ 669 32] 66941] £6939] 66960] 55969 6597s GCogyy) 67006 7015 
68] G7oz5] 67034] 67043] 67052] 67002] 670% G7of8o| 57e Grogy| 67108 
6g! 67117] 67127] 07136 67143] 67154 567164 67173] 67182] 67191] 67201 
90 2.672102. 67219]2. 0722812. 6723712. 67247 2. 67256 2.67265 2. 672742. 6728402. 67293 
ji] 67302] 67311] 77321] 67330] G7339] 673180 67357] 67367] 67276] 735 
u 67394] 67403] 67413] 67422] 67431] 67440 67449] 67459] 67408 07477 
[73] 67459] 67495] ©7504] 67514] 67523] 67532] 67541| 67550] 67560] 5756y 
[74] 67578] 67587] 67596] 67505 67614] 67624] 67633] 6764: 676,1] 67060 
75 67069] 67678 67688] 67697 7796] 67715] 67724] 67 3 ©6742 67 52 
7 67761] 67770] 67774] 77677678 67815] 67825] 67" 34| 6704; 
[77] 67852] 67861] 67870] 67879] 67888] 67897 67906| 67916] 67925] 6794 
[7s] 67943] 67952] 67961] 67970] 67979] 67988| 67997| 68086] 6801 ; 6502 4 
19 65034] 68043 68052] 68061] 68070 68079! 6808 68097 6875 oj 6511 5 
100.2. 68124 2. 681332. 651422. 68151|2. 681602. 681692. 6817802. 68187 2. 68196/2- 08205 
[di] C8215] 68224] 682331 68242] 68251 G8260| 65269] 68279] 6%287| 689245 
[42] 68305] 68314] 63323 68332] 68341] 68 550 68359] 68368] 63777 C350 
[bz] 08395] 68404] 68413] 68422] 68431] 6844 68449} 6845˙[ 6546;| 68476 
% 68485] 68494] 68 502] G8511| G8520| 68529] 68538] 68547] 685560 68565, 
, 68574] 68583] 68592] 68601] 68610] 68619] 68628] 68637] 68646] 6 65 
156] 68664] 68673] 68681] 68699] 68699] 68708| 68717 68726 687350 68744 
137] 68753] 68762] 68771] 68786] 63785 68797 6 6 6881:| C8824] 65533 
195] 68842] G8851| 68860] 68369 68878 68886] 68895 68904] 68913] 68922 
| 689z1] 68949| 68949] 68958] 68966] 68975 68984] 689930 69002 2 
2.59520 2. 6902802. 69037|2. 690462. 6905 52. 69064 2. 6907 2. 6900822. 690g0|2. 69999 
Ji] 6g108) 69117] 691260 69135] 69144] 69152] 69161] 69170 9179 Oyict 
92 69197] 69205 69214] 692230 69232 69241] 69249 92 5[ 69267] 6927 
0285] 69293] 69302] 69 69320] Ggz29] 69338] 69346] 69355] ©9304 
9 69373] 69381] 69390] 69399] 69408] 69417] 69425] 69434] C9443] $9452 
A 69461] 69469] 69478] 69487] 69496] 69504| 5953 9522) G6953i| 09539 
0 69543] 69557] 69566] 69574] 69583] 69592] (%%% Ggbog| vg618] Gy627 
69636] 69644] 69653] 69662 69671] 6977 69688] Gg6g7] 69705] 69714 
"| 69723] 69732] 69749] 69749] 69758] 69767] 69775] 69784| 69793] ©9801 
69810] 69819 69827 698 36 69845 69854 69862 698710 (698 69888 
. 69897 2. 6990612, 699142. 6992 3/2. 69932 |2. 699402. 69949|2. 699 38|2. 67966. 62975 
69984] 69992] yooort| Jooio| Yon 70027 70036 70044 70953} 70062 
2 70970] 70079] 7oo88] 70096 70105] 70114] 70122] 70131] 70140] 70146 
70157] 70165 70174] 70183 70191 70 ꝛοο 7Jo0209| 77 70226 70234 
* 10243] 70252] 70260 70269] 70278] 70286] 70295] 70303] 79312] 70321 
70329 70738 70346] 70355] 70364] 70372] 70381] 70389] 70398] 704 
„ 10415] 70424/ 70432] 79441] 70449 70458 70467] 70475| 72484] 7492 
'| 70501] oog 70518] 70526 70535] 70544] 76552] 70561} 70569 70578) 
70386] 70595! 70603] 7o6i2] 70621] 70629 70638 70646 70655 700 30 
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2+ 7075712. 707662. 7077412. 7078302. 70791 |2. 70802. 7080"|2.70*17|2. 70825|2. 70834 
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£ M3) 71020] 71029 71037] 710460 71054 71062 71071] 71079] 71085 
$ 71096 71105] 71113 71122] 711300 71139) 71147] 71155] 71164] 71172 
0 TG 71189 71198 71206} 71214 71223] 71231] 71249 71248 2400 
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TABLE IV. 
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A Table of Logarithms from 1 to 10,000. 


| 


2 I 
2. 716002 71609 
21684] 71692 
71767] 71775 
71850 71858 
71933] 71941 
72016] 72024 
72099] 72107 
72181] 72189 
72263] 72272 
72346| 72354 
2. 724282. 72436 
72 509 72518 
725916 72599 
726731 72681 
72754] 72762 
72835] 72843 
72916| 72925 
72997| 73006 
7 3078 73086 
73159) 73167 
73239\2. 73247 
73320| 73328 
73400 73408 
73480] 73488 
73560| 73568 
73640 73648 
T3719] 73727 
73799] 73807 
73878] 73886 
73957] 73965 
740362. 74044 
74115] 74123 
74194] 74202 
74273] 74280 
74351] 74359 
74429] 74437 
74507] 74515 
74586] 74593 
74663] 74671 
| 74741] 74749 
748192. 74827 
74896 74904 
74974} -749%1 
75051} 75059 
75128 75136 
75205] 75213 
75232] 75289 
753580 75366 
75435] 75442 
75511 75519 
75587275595 
75664 75671 
757400 75747 
758150 75823 
758910 75899 
75967 75974 
76042 76050 
76118) 76125 
76193 76200 
76268] 76275 


$5 


76283 


2 4 
2.716172. 7162512. 71634 
71700] 71709 71717 
71784] 71792] 71800 
71867 71875] 71883 
71950] 719580 71966 
72032] 72041] 72049 
72115] 72123] 72132 
72198] 72206| 72214 
72280] 72288| 72296 
72362] 72370] 72375 
2. 7244412. 72452|3. 72460 
72526| 72534] 72542| 
72607 72616| 72624 
72689 72697 72705 
72770 72779] 72787 
72852] 72860 72868 
72933] 72941] 72949 
73014] 730220 73030 
73994] 73102] 73111 
73175] 73183] 73191 
2.73255. 73263|2. 73272 
73336] 73344| 73352 
73416] 73424] 73432 
73496] 735040 73512 
73570] 73584] 73592 
73656] 73664| 73672 
73735] 73743] 7375! 
73815] 73823] 73830 
73894] 73902] 73910 
73973] 739810 73989 
- 7405212, 740602. 74068 
74131] 74139] 74147 
74210| 742180 74225 
74288] 74296 74304} 
74367] 74374] 74382 
74445] 74453] 74461 
74523} 74531] 74539 
74601] 74609] 74617 
74679] 74687] 74695 
74757] 74764] 7477 
2.74834|2. 748422. 74550 
74912] 74920] 74927 
74989 74997] 75005 
75066| 75074) 75082 
75143] 75151] 75159 
76220| 75228] 75236 
75297] 753050 75312 
75374] 75381 75339 
75450| 75458] 75465 
75526| 75534] ' 75542 
2. 75603. 7561002. 75618 
75679] 75686 75694 
75755] 75762] 75770 
75831] 75835] 75846 
75906 75914] 75921 
75982] 75989] 75997 
76057] 76065| 76072 
76133] 76140| 76148 
76208] 76215 76223 
762900 76298 


— 
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2.71642 


71725 
71809 
71892 
71975 
72057 
72140 
72222 
72 394 


72387 


. 72469 
72550 
72632 
72713 
72795 
72876 
72957 
73038 
73119 
73199 


2. 73280 


7 3360 
7 3440 
73520 
7 3609 
73679 
73759 


73838 


73918 
73997 


2. 74076 


74155 


74233 


74312 
74390 
74468 
74547 
74624 
74708 
74780 


2. 74858 


74935 
75012 


75089 
75166 


75243 


75320 


15397 


75473 


75549 


75626 


75702 
75778 
75853 
75929 
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6 9 
2, 71650 2. 71667 2.77076 
71734 71750 71759 
71817 71834 718942 
71900 719717 719275 
71983 71999] 72008 
72066 72982] 72090 
72148 72165 7217 
FREE 2247] 72255 
72313 72329] 72337 
72395 17241 72419 
72477 2.724903. 72501 
72558 72575} 7258 
72040 726560 72665 
72722 72738] 72746 
72803 72819 72027 
72884 72900} 72908 
7296; 729810 72989 
73946 72062 73070 
73127] 73143] 73151] 
7 3207 73223] 73231! 
2, 73288 2. 7330412. 7330] 
73308 73384] 73392 
73445 7 3464! 73472 
73528 7 3544} 73597 
7 3608 7 $024] 736p 
73687 737093] 73701 
73767 73783] 73791 
73846 7 ;862] 73870 
73926 73941} 73999 
74005 74020| 740d 
2. 74084 2.74099 2.74% 
74162 74178 74196 
74241 74257] 74465 
74320 743351 749 
74398 74414] 744 
74476 74492 ne 
74554 74570| 45 
74632 74648 7465 
74710 74726] 7413) 
74788 74803} 24 
2. 74865 2, 74881. 749% 
580 7496 
74943 7495 
75020 75035 75% 
75097 75113] 798 
75174 75189] 759 
75251 75266 md 
75328 75343] 733 
75404 75420] 740 
75481 75496] 13% 
75557 75572]_2 
75633|2 2. 75045 1 
75709 75724] 51 
75785 75800]. 4 
75861 75006 * 
75937 75952] !2 
455 70027 » 
76087 76103 170 
76163 76178 7 
76238 76253] „ 
76 6228 703 
76313 793 


** 


— — — —ü— üà46 
| A Table of Logarithms from i to 10,000. 
No] o I 83 3 8 6 7 A 
-$0[2. 76343 2. 7635012. 7635812. 763652. 7637312. 76 380|2. 763882. 763952. 76403|2. 76410; 
$1] 76418] 76425] 76433] 76440 76448| 76455| 76462 764700 76477 76456 
82) 76492] 76500] 76507] 76515] 76522] 765300 76537 76545] 76552] 76559 
8z] 763567] 70574] 76582] 765855 76597] 76604] 76612 76619] 76626] 76634 
| 8 76641] 76649 76656] 76664 76671] 766780 766036 76693 76701 76706 
5 76716] 76723] 76730] 76738 76745] 767530 76760| 76768 6775) 76782 
\ 86] 76790] 76797] 76805] 768120 76819| 76827] 76834] 76842 76849 76856 
| 8 76864] 76871] 76879] 76886] 76893] 76901] 769093] 76916 76923 76930 
58% 76935] 76945] 76953] 76960 76967] 76975] 76982] 76989} 76997 77 
01 77019 77026] 77034! 77041} 77048] 77056] 77063] 57070) 770758 þ 
592/2. 77085 2. 7709 3/2. 7710/2, 771% . 77115|2.77122[3. 77729. 7717 77144-77157 
[91] 77159] 77160] 77173] 77481] 77188] 77195] 77203] 77210] 777 77225 
[gal 77332] 77240] 77247] 77254| 77262 77209] 77276 77283] 47291] 772981] 
[93 77305 77313] 773200 77327 77335] 77342] 77340 77357] 77364 77371) 
94 77379] 77386] 77393] 7740 77408] 17415] 77422] 77430] 917437 | 
93 77452] 77459] 77466| 77474] 77481] 77488] 77495] 77503] 77510 
9 77525] 77532] 77539] 775460 77554] 77561] 775680 . 77576] 77583 
[97] 77597] 77605] 77612] 77619] 77727 77634] 77641] 77648] 57656 
98] 77670] 77077] 776865] 77693] 77699 77706] 77714 77721] 77728 
[991 _77743]__77750] 77757] 77764] 77772] © 77779]__77786| 77793} 77801 
(6560/2, 7781512. 77822 2. 778302. 77837. 778442. 77851. 778592. 778662. 7787302. 
01 57887] 77895} 77909 77909 77910 77924] 77931] 77938] 77945 
e, 7796 77967] 779740 77981 55988 77996] 7 78010] 58017 
oz 78032] 7bozg] 78046| 78053] 78061] 78068] 78075} 78082 78089 
04] 781040 78111] 78118] 78125 78132] 78140] 75147] 78154] 78161 
5 78176] 78183] 78190] 78197] 78204 78211] 78219] 732260 78233 
6 78247] 78254] 78262] 78269 78276| 78283] 78290] 753297] 78305 
07] 78319 78 3260] 78333] 78340] 78347] 78355] 78362] 78369] 58376 
o 78396] 75398] 78405] 78412] 78419] 784260 78433] 73449} 78447 
291 _75462] 75469] 78476] 78483] 78490 78497] 78504] 78512} 78519 
1 5725 24% 2.78547. 78554 2. 78560 2 7556912. 7857 2. 75553 2. 785902. 
1 700604] 786178618 78625] 78633 78640 78647] 78654] 78661 
u 78675] 78582 786890 78696] 7874 78711] 18718] 78725] 78732 
iz] 78746] 73753] 78760] 78767] 58774) 787810 78789 78796] 78803 
14 78817] 78824] 78834 78838] 78845 78852 78859 78866 78873 
15 78388] 78895] 78902 7890g| 789160 78923] 78930] 75937] 58944 
160 78958 75965 78972] 78979] 78986| 78993 79000} 79007} 79014 
[17 19929] 79036] 79043] 79050] 79057 79064] 79071] 79079] 79085 
1 79099] 79106] 79113] 79120] 79127) 79134] 79141 79148] 79155 
39/__79169] 79176] 79183] 79190] 79197 79204| 79211] 7y218] 79225 
620 + 792 3912. 792462. 7925312. 7926002. 79267 2. 79274;2- 79281. 792882, 79295 2. 79392 
u| 79309] 79316] 79323] 79339| 79337| 79344] 79351} 79359} 79365 
[| 22] 79379 79384 79393] 7940 79407 79414] 79421] 79445} 79435 
'3] 79449] 79456] 79463] 79470} 79477] 79484] 7949'] 79498] 79505 
"4 79518] 79525] 79532] 79539] 79546] 79553] 79560] 79567} 79574 
i 79588] 79595}. 79602] 79609] 79616] 79623] 79630) 79637] 74644 
. 79657, 79664] 796710 79675] 79685 79692 79699 79706| 59713 
"ol 7577 79734] 7974} 79748] 79754] 79761| 79768| 79775] 79782 
2 79790) 79803] 79810] 79817] 79824] 79831] 79537] 79844] 7985: 
[2 (9995|__79572] 79879] 798860 79893 29 79996] 79913] 79920 
3002 $9934 2. 799412. 799482. 799552. 799622 79969 2. 799752. 7995212. 79989 2 
$0010] 80017] $0024 doo o $5037] $0044] Soi S8oozs| 
50079þ 80085] Soo 8oogy! Soiob| 80113] :$o120! 80127 
80147] 80154] 80161 80168; 80175] 801832] $0188] 80195 
80216] 80223] 80229 80236 80243 So250| $ozgri 80264 
80284] $0291] 80298 80 305 80312] 80318 80325 80332 
80353} $0359] 80366 8037 3 803800 80387 80393 80400! 
30421] 80428] $0434] 80441] $0443] 80455 $0462} 80478 
80489] 80496] 803502] 8050y| $0516] 80523] $0530}; $0536; * 
80557] 80564] 80570 80377 an 80591 — 0 b 3005 
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TAB Ek IV. 
- - =  ——=— — 
A Table of Logarithms trom 1 to 10,000, 

* 5 | — R Fe 5 — — 
e 2 3 4 5 6 | 7 8 
oo. $0615]2. e. 806322. 8008/4. 80652. 8065202. 50059. 0065/2. 40070 6% 
Soso 80699] 80705] 80713] $07:0| 0720733 80740 2 
42] $0754] $0760] 80% % Ro774| 80781] So Bo7gy4) 8o8oi| Bokos| 8 

4 Cosi Sosa So zs 80841 $0848] Bokgs| So 80868] 8983; 

44] Sosse Sofgs| $0992] Soyoy| Soto Sougaz] 80% 85936 8094; 

45] Sog56] Noybz} Sogbg| 80976 FHoy8z| Boggn| RO Soo $10 

46] $1023] $rozo| 810z7] $1043] $1050] 81057] $1064] 81050] 8107; 

47] $1090] Sof $1104 Sinn 8 Srizy]| Bright] $1137 1144 

4%} $1158] $1164] $1171] $1178] rs Srigt] Si1g8] 204 211 
49] $1224) $1231] $1238] $1245] 8281 825K 87265 1271 1278 Th 
55013. 8149102, Siagd]z, 81305/281312. 81312. $1325]/2. 813312, $1338 2. 134 T 5 

gil $1358} $1365] $1371] 8137 $1385] $1391] $1395] $1405] 81411 1 

52 S425] S14z1] $1438] $1445) $1451] 81458] 81465 81471] 81478 

$3] $1491] $1498] Frz05] $1511] $1518] $1525] $1531] $1538] $1544 

54 $1558] $1564] $1571] $1578] $1584] B15g1| Brggh| SiGogl 81611 

535} $1624] $1631] $1637] $1644] $163r] $4657] $1664] $1671] $1677 

56] 81690] $1697] 81704] 81710 $1717] $1723] $1730]. $1737} 81743 

$71 S757] $1763] $1970] $1796] $1783] $1790] $1796] $1803] $1809 

$8] S1823z] $1829] $1836] $1842] 81849] 81856] $1862] $1869] $1875 
_59[__#1889] 81895] 81902] $1908] $1915] 81921] $1928] 81933] $1941 
6602. $1954|2. $1961][2, 819682. $1974\2. 819812. 81987|2. $1994|2. 8$.200|2, S. 00% 2. $2014 

G1] $2020] $2027 82033] 82040] 82046| 82053] 82060] 82066| 8207; 

62] $2096] 82092] 82099] $210;| $2112] 82119] $2125] $2132] 32138 

63 $2151] $2158] 82164] $2191] $2178] $2184] $2191] $2197] 32204 

64] $2217] $2223] $2230] $2236] 82243] $2249] $2256| $2263] $2269 

G5) $2282] $2289] 82295] $2302] 82308] $2315] $82z21| $2328} $23z4 

66] $2347] $82354| $2360| 82367 82373] $2380| $2387] 82393] 82400 

67] 82413] $2419] 824260 82432] 82439] $2445] $2452] $2458} $2465 

68| 824780 82484] 82491 82497 82504] 3825100 $2517] 82523] 82530 
_by 82543 82549] 82556] $2562) 82569] 82575 82582 $2585] 82595 
670,2. 826072. 82614|2. 8262002. 82627. 8263302. 826402. 826462. 8265302. 82659ſ2. 

710 $2672] $2679] 82685] 82692 82698] 82705| 82711] $2918] $2724 

72] $2737] $2743] 82750] 82756| 82763] 82769] $2776] 82782| 82789 

73! $82802| 82808] 82814] 82821] 82827] 82834] 82840 82847] 82853 

74] $2866| $2872] $2879] 82885 $2892] 8$2898| 82905] $2911] 82918 

75] S29zo] 82937] 82943] 82950| 82956] 8296z] 82969] 82975} 82982 

76] 82995] $3001] $z3008| 83014] 83020] 8 3027 $3033] 83040] 83046 

7] $3039] $3065] $3072] 83078] 83085] 83091] $3097] 83104] 83110 

78] 83123} $3129} $3136] $3142] 83149] $3155) $3161] $3168] $3174 
22. $3187] $3193] $3200} 83206 83213] $3219] $3225] 83232] $3238 
680 2. 8325102. 832 57. $3264|2. 83270|2. 832762. 83283|2. 832892. 8 32962. 8z302|2, $330 

91 $3315] 83321] $3327 83334 833400 $3347] $3353] $3359] $3366 

82 $3378] 83385] $3391] 833980 $3404| $3410] $3417] $3423] $3429 

$3] $3442] $3445] 83455] $3461] $3467] $3474] 834800 83487] $3493 

84] $3506] 83512 83518] $3525] $3531] $3537] 83544] $3530] $355 

$85] $3569] 83575] 83582] 3835880 $3594| $3601] 83607] 83613] $3620 

86] $3632] 836 30 83645] 83651] 836580 83664 83670] 83677] 83683 

87] 83696| 83702] $3708] 337150 $3721] 83727] 83734] 83740] 83746 

880 83759] 83765] 83771] 837780 83784] $3790] $3797] 83803] $3509 

$9} $3822] 83828 $3835] $3841] $3847] $3853] $3860] 838660 $3872] 94% 
590 2. 838852, 8389102. $3897}2. 83904 2. $3910|2. 83916|2. $392 3|2. 839292. $3935|2+ 939 

91] $3948] 83954] 83960 83967 83973] $3979] 839850 83992] 83995 

92 84011] 84017] 84023| 84029 84036] 84042] 84045] 84055} 84061 

93] 84073] 84080] 84086] 84092] 84098] 84105| 84111] 84117} $4123 

94) 84135] $4142] 84148 84155 $4161 $4167] 84173] 84180 84186 

93] 841980 $4205] 84211] $4217] $4223] 84239] 84236] 84242 84248 

96 $4261] 84267] 84273 $4280] $4286] 84292 842958] 84305| $8431) 

971 $4323] 84330] $4336] 84342] 84348] 84354 84361] 84367 $4373 

98 84386] $4392] $4398 | $4404 84410] 84417] 84423] $4429] $4435 

1 $4443] 84454] 84460] 844660 84473] 84479] 84485 $4491 84497 
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TABL E IV. 


A Lable ot Logarithms from 1 to 10,000. 


_ Y 


5002. 


2. 


$4510 
84572 
846 34 
84696 
84757 
84819 
84880 
84942 
$003 
K-06; 
85126 
85187 
$5248 
$3309 
85370 
$3431 
85491 
$5552 
$5612 
85673 


2.83733 


$5794 
85853 
85914 
$3974 
$6034 
$6094 
86153 
8621 3 
86273 


86332 


86392 
86451 
86510 
8.570 
86629 
86688 
86747 
86806 
86864 


— 


7402. 86923 


86982 
87040 
87099 
87157 
$7216 
$7274 
$7332 
87390 
$7448 


2, 87506 


87564 
87622 
87679 
87737 
87795 
87852 
87910 
87967 
88024 


n 
8451612. 84522 4. 84528 2.84535 
$4578] 84584 $4590, $497 
84640] $4646! 84652! 44658 
84702] 84708 14514 $4720 
84763] $4170 $4776; 84782 
84825 84831] $4837! $4844 
8488, 849 84899 84905 
84948] $4954] $4960| $4967 
85009] 85016| 85022| 85028 
8507il 85077 50863 $8089 

2 851 3/2 8773 25744 2. 85150 
85193! $5199) 85205] $5211 
85254] 83260 85266! 85272 
85315] 385321 $5327] 85333 
85376] 85382 $5388) 85394 
85437] $5443] 385440 85455 
85497, 855030 $5509! $3516 
$5558] 85564] $5570) $3576 
85018] $8,025] 85631] $5637 
85679 $,655| 15091 85697 
$5739 2. 85745|42.85751|2. 85757 
22222 85%06] $5812] 38581 
85860 85866] 85:72] 85878 
85920) 85926] $5932] 85938 
85980] 85986] $5992] 85998 
86040| $6046] 86052] 36058 
80100 86106] 86112} $5118 
86159 86165] $861:7:] $6177 
$6319] 86225 86231] $6237 
86279! $6285] 862910 86297 

86338 2. 44/2. 8655002. 86356 
86398] 86404] 86410] 86415 
86457, $6463] 86469] 86475 
86516 86522] $6528] 86534 
86576 86581] 86587] 86593 
86635 86641| 86646] 86652 
86694; 86700| 86705] 86711 
86753 $6759] 86764] 86770 
86812, $6817] $6823] 86829 
86870 $6876 — 86888 

2. 86929 2. 86935 2. 869412. 86947 
36988 86994] 86999 87005 
87046 87052] $7058] 87064 
87105 87111 871160 $7122 
87163 87169 71751 87181 
872210 $7227] 37233 $7239 
87280] 87286] 37291] 87297 
87338) $7344] $7349] 87355 
87396 $7402] 87408 87413 
$7454| 87469] 87465 $7471 

2. 87512 2. 8751802. 875232. $7529 
57570 87576] 87581] 87587 
876280 87633] $7639] 87645 
87685] 87691] 37697 87703 
87743 87749] 87754 87760 
87800 87806] 37812 87818 
87858] 87864] 87869 87875 
87915} 87921] 87927 $7933 
87973] 37978] 87984] 87990 
88030] 8%36| 8880410 88047 


27 OT n 9 I. 

2. 8454112. 84547]2. 84553 2.84559 
84603 84609 3405 84621 
84665] 84671] 84677 84683 
84720] 384733] 84730 $4745 
84788] 84794 84800| 8.807 
84850] $4856} 84802 84868 
84911] 84917) $4924] $4930 
84973] $4979] $4985| $4591 
$5934] 850 40 850460 85052 
5095] 85101! 85107 $5114 

2.851562 5576 T 83169/2; $5175 
85217] 85224] 852300 385236 
852780 85285] 854291 $5297 
$5339] 85345 85352 385358 
85400] 85406 8542 * 
$3401] $5467! $5473; $5479 
$5322] $5528] 85734 $5540 
85582] 85588 85594] 85600 
85043] $3649] 8555 $5661 

$5703] 85709 85715 85721 
8576302. 857092. 85775 2. 83781 
85824] 85830] 3858360 85842 
85884] 89890] 853896 85902 
85944] $5950] $5956] 85962 
86004} 86010 85016] 86022 
80064] 86070] $601/6] 8608: 
86124] 86130] 0136 86141 
86183] 861890 86195 86:01 
86243] $6249] 86 55] 86261 
86303 86308] 86314] 86320 

2. 80362 2. 8036802. 8637402. 86380 
86421 86427 864331 $6439 
864810 86487] 864931 86499 
86549] 86546 86552] 86558 
86599] 8665 86611} $6617 
$6638] 86654 86670] 86676 
$6717] 86723 $6729] 86735 
$6776] $6782] 867885] 86794 
86835] 86941[ 86847] 86853 
86894] 86900] 86906} 86911 

2. 8695 32. 86958 2. 8696402. 86970 
87011] 87017] 87023] 87029 
87070] 87075) 87081] 87087 
87128] 87134] $87140| 387146 

| 87186 $7192) 87198] $7204 
87245] 87251] $87256| 387262 
87303j 87309 $7315] 87320 
87301] 87367] $7373] 87379 
87419] $7425] $7431| $7437 
87477] 87483 $74%9 87495 

2. 87535|2. 87541|2. $7547|2. 87552 
87593] $7599! $7604| 87610 
$7651] 876560 87662] $7668 
87708 87714 $7720] 87726 
87766 87772] 87777] 87783 
878231 $7829] $7835] $7841 
$7881]; $7887] 87892] 87898 
879380 87944 879590 87955 
87996 88001] $8007] 388013 
8805 3 $8058] 88064] 88070 


i 
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— om 


2, $4566 
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84628 
84689 
84751 


848130 
84874 


54936 
84997 
85058 
35120, 


2.55181 


$5242] 
85393 
$5304 
85425 
5545 
$3546 
$5606! 
85667. 


* 


£5727 
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[2. 86976 


. 85788 


85848 
3595 
$5968 
86028 
86a88 


86147 
86207 
= 


86326 


2, 86386 


86445 
86504 
86564 
26623 
86682 
86741 
86809 
86859 
86917 


$7035 
87093 
$7151 
87210 
87268 
87326 
87384 

7442 

7500 


87558 


87616 
87674 
$7731 
87789 
87836, 
87904 
87961 
880181 
88076 
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A 5 Wie of Logarithms from 1 to 10,000. 


$8466 
$9925 
S898 
89037 
89992 
$9146 
$9204 
2, 89260 
99315 
89z71 
89426 
89481 
$9537 
$9392 
$9647] 
69702 
89757 


00 
89867 

7052 
8997 


N. O I 2 3 4 5 6 7 
55 LU. 2. S808. 880932. SV. $8104 |2, 887100. 8871602. 88121 
88138] $8144] $8150] $88156| 88 88167 88173 $8178 
| 88195] $8201] 88207] 88213] 89218] 88224] 882z0| 88235 
| Gzt 88252] 88258] 88264] 88270} $8275] 88281 88287 88292 
9309 383150 88321} 876 4673] 88338] 8834;] 88349 
88366| 88372] 88377 88383] S889 883; 884oo $8406 
98423 8849 $8434] 88440] $8440] 88451| 88457] 8463 
$8848S| $8$8485| $8491 88497] 88502] 88; 508| 88313 98519 
$8536 $8542] 88547] 88553 $8359] 8856% $8570] 88576 
8859z] 8859S} $8604] 88610! $8615] 88621 88627 88632 
77. $8649 2, 880552. 858060] 2 , 88606, 2. 88072|2. 8807712, 8868 ;|2. 88089 
08703} 88711] 88717] 88722) 88728) 8873 88739] 88745 
72; 38762] $8856; $857; 885-9 $8784] 887gol] 88795] 88801 
38818} $88824\ $8829} 88835 88840] 88846] 88852] 85857 
88874} 88880} 88885| 888g1z| 88897 88902 88908| 88913 
889zo0] 88936} $8941] $8943] 88953 889538] 88964] B$8896% 
| $8986] $8992] $8997f $9003] S8gooy| 89014] Syorzo| $9025 
#9042] $9045] 89053] 89059 $9054] 89070] 89076] 8908. 
| $9098] 89104] 89109] 89115} 392% 89126 89731 89137 
89154] 89159} 89165] 89170] 89176] 8918: 89187| 89193 
2. 8920902. 89215|3. 8922102. 892202. 8932/2. 892 z7|2. 8924302. 89248 
39265 89271} 892760 $8928:] $9287] 89293] 89298] $9304 
| $9zz21] 89326] 389332 3937 $9343] 89348] 89354] 9360 
| $9376] 89382] 8938, $8939z} $9398] 89404| 89409 59415 
894z2] $9437] $9443] $9448\ $9454] $9459] $9465] 39470 
89487] $9492] 949%] 89504] 3950 89515 89520] 59526 
89542] 89548} 9553] 895390 $9564] g9570] 89575] 59581 
$9597] 8960z] $89609y| $9614| 89620] 89625} 89631] 89636 
$9653] $9638] 89664| 89669] 89675] 89080 89686] 89691 
89708] $9713] $9719] 89724] 89730] 89735] $9741] 59746 
2. 8976302. 89768] 2- 89774. $9779] 2. 89785| 2. 897902. 89796|2. 89801 
$9818] 8982z] 89829 89834] $9840 89845} $9851] $9856 
8987z] $9878] 89883] 89889} 89894] 89900] 899% 89917 
89927] $9933] 9935] $9944] 9949] 89955 89960 89966 
89982] 89988] $9993] 89998] S$g004| yoony| 90015 90020 
gooz7] 90942| 90048] googz| 90059 yooby| yooby| 90075 
9091 | 90097] 90102] 90108] 901130 901% 90124 90129 
90146] 90151] 90157 90162] 901680 90173] 90179 90184 
gozoo| goznb} 9 90217] 90222 90227] 90233 90238 
90255] 90260 90266 90271] 90276 90282] 90287 90293 
2. 9030908. 903142. 903202. 9032 5/2. 9033102. 903362. 90 3422. 903472. 90352½. 
90363 90369} 90374 90380 90385 90390 90396 9oqo!r| 90407 
99417] 90423 904280 90434] 90439 90445 90450 90455] 90461 
90472 90477 90482] 90488 90493 90499 gogog| 9059 90515 
90526 gozzi| 90536 90542] 90547 90553 905580 905630 903569 
90580] 90585 90590] 90596] 906010 90607 90612 90617 90623 
90634] 90639] 90644] 90650 90655 90660 90666 90671} 90677 
7 90687 90693 90698 90703] 90709 90714 90% 907250 90730 
os 90741] 90747] 907520 90757] 907630 907680 90773] 90779 9078. 
eg] 90793] 908 90806 90811] 90816 90822 90827 90832 90838 
S102. 90849. 90854 2. 908 59 2. 90865 Z. 90870 2. 90875 2. 90881 |2. 908862. 90891 
11 90 909 90913 9s 90924 90929 90934] 99940 
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TABLE IV. 


A Table of Logarithms from 1 to 10,000. 
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A Table of Logarithms from 1 to 10,000. 
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als abs — 
M.] Sine Co- ine] Tangent.] Co- tang. Secant. [Co- ſecan-. 
0 10. 00000 io. 00090 [10, 00009 li trite. 10, 00000 Infinite 
1 | 0. 46373 00000 | 6.46373 | 13. 53627 | 10, 00000 13. $3127. * 
2 76475 009000 76476 23524 00000 2 3524 | 58 
3 9405 00900 94085 05915 00000 05915 | 55 | 
4 | 7. 06579 00200 | 9. 06579 | 12. 93421 00000 | 12,93421 | 56 
5 16270 00000 16270 83730 00000 83730 | 55 
6 24188 05500 24188 75812 00019 75812 | $4 | 
7 30882 00000 30882 69118 009090 671180 | 531 
8 36081 00000 36682 63315 00999 63318 | 52 | 
9 41797 | 00000 41797 58203 00900 $803 | 51 
S 40573 090000 46373 53627 00009 $3627 | 50 | 
11 | 7.40512 |10,00000 | 7.50512 | 12. 49488 | 10. 00000 | 12.49488 % 
12 54291 00000 54291 4 709 00000 45709 | 48} 
13 57767 00000 $7767 42233 ©0000 42233 | 4 
i4 | 6ogs5 00000 60986 39014 00009 39915 | 4 
5 6 3982 00070 63982 36018 00000 3601d | 4; | 
10 66784 09000 66785 33215 00000 33216 | 44 | 
17 69417 | 9.99999 | 69418 30582 00000 393% | 43} 
18 71590 99999 71900 28100 00001 28100 | 42 | 
19 e448 99999 74248 25752 00001 25752 | 41 | 
20 | 7%;.5 | 22229 | 76476 23524 | ©0001. 23:25 | & 
21 } 7.78:94 | 9.99999 | 7: 78395 12. 21405 | 10, 00001 | 12.21406 | 
oy 80615 99999 80615 195305 oOo 901 19385 | 
23 82:45 99999 $2546 17454 02001 17455 | x7 
24 $4393 99999 84394 15606 ©0001 15607 | | 
25 86166 99999 86167 13833 ©0001 13534] 35 
26 87870 99999 87871 12130 00901 12130 ] yy 
27 89509 99999 89510 10.490 ©0001 10491 
28 92088 99999 91089 on 00001 obg12 | » 
29 92612 99999 92613 07 387 00002 07388 | 
30 9408, 99999 94086 0591 | ©0002 05915 | yo 
31 7-95508 | 9.99998 | 7.95510 | 12.04490 | 10. 00002 I2. 04492 | 29 
33 96887 99998 96889 03111 ©0002 2311311 
3Z 98223 99998 98225 01775 ©0002 oI777 | 27 
34 | 99520 | 99998 | 99522 00478 00002 00430 | 26 
35 | 8.00779 | 99998 | 8.00781 | 11.99219 o0002 | 11.99221 | 2 
36 02002 99998 02004 97996 ©0002 97998 | 4 
37 03192 99997 03194 96805 oooO2 g6808 | zz 
38 04350 99997 04353 95647 00003 95650 | 2 
39 05478 99997 05481 94519 00003 94374 1-3 
40 o6578 99997 06581 93419 00003 | 934-2 | 29 
41 | 8.07650 [9.99997 | 8,07653 | 11.92347 | 10. 09093 len 
42 o8696 99997 08700 91300 00003 91304 | 1d 
43 09718 99997 09722 90278 oOo an 
44 10717 99996 10720 89280 00004 59283 | 16 
45 11693 99996 | 11696 88304 00004 88307 | 15 
46 12647 99996 12651 87349 00004 $7350 | 1 
47 13581 99996 13585 86415 00004 86419 | 1} 
48 | 14495 | 99996 | 14500 85500 00004 $5505 1 
49 | 15391 99996 15395 84605 00805 od © 
5o | 16268 | 99995 | 16273 83727 | vos |__$3132 |" 
51 | 8.17128 | 9.99995 | 8.27132 | 11,82867 | 10. 00005 | 11+ 52872 
32 1 17972 99995 17976 82024 00005 $2029 
53 18798 99995 18804 81196 00005 81202 
54 19619 99993 19616 80384 00005 80390 
55 20407 99994 20413 79587 00006 79393 
56 21189 99994 21195 78805 00036 78811 
57 21958 99994 21964 780 36 00006 78042 
c8 22713 99994 22719 77280 ooo 77206 
59 23456 99994 23462 76538 00006 76544 
60 24186 99993 24192 | 75808 00006 75514 1 5 
| T7o-line., | Sine. | Co-tang. | Tangent. | Co-ſecant. Secant. | = 
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46366 
46798 
47226 
47650 
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Co-linc. | Langent. Co-tany. | Secant. (Co-ſecant. | 

9.999% | 4. 24192 1.75808 | 10, 00007 | 11.75514 
99993 2719 75990 00007 75997 
99993 25616 74354 00007 74391 
99993 26311 73088 00007 73696 
79992 26996 73004 00007 73012 
99992 27669 72331 00008 12339 
9994 - 28332 71668 00008 71076 
9999 28955 71014 00008 71023 
99991 29629 70371 o0008 70379 

29991 | 20263 79737 00009 | 69745 

9. 99991 8. 39888 1169112 10, 000096 | 11, 69121 
99991 31505 68495 00009 68505 
99999 37112 67588 00909 67897 
99990 32711 7289 ©0010 67298 
99990 33302 66697 ©0010 66708 
99989 33886 66114 ©0010 66125 
99989 34461 65539 00011 65550 
99989 35029 6491 0001 1 64982 
99989 35589 64410 00011 64422 
99989 36143 63857 00011 63868 

9. 99988 | 8. 36689 11. 63310 | 10.00012 11. 63322 
959968 37229 62771 00012 62783 
99088 37762 62238 ©0012 62250 
99967 38289 61711 ©0001 3 61724 
99957 38809 61191 0001 3 61204 
99587 39323 60677 0001 3 60690 
99986 39832 60168 00014 60182 
99986 40334 59666 00014 59680 
99950 40830 59170 0001 4 59184 
9935 41321 58679 00215 58693 

9. 99985 | 8.41807 | 11. 58193 | 10. 00015 11. 58208 
99985 42287 $7713 ©9015 57728 
96984 42762 57238 Q0016 $7254 
99984 43231 56768 00016 56784 
99984 43696 56304 00016 56320 
99983 44156 55844 0001 7 55861 
99983 44611 55389 00017 55406 
99983 45061 54959 00017 54956 
99982 45597 54493 00018 54510 
99982 45945 54052 00018 54070 

9. 99982 S. 4038511. 53615 | 10.00018 11.3633 
99981 46817 53183 | £0019 53201 
99981 47245 52755 00019 $2774 
99980 47669 $2331 00019 52350 
999 80 48089 51911 00020 51931 
99989 48505 51495 00020 51515 
99979 48917 51083 00021 51104 
99079 49325 50675 00021 50696 
99979 49729 50271 00021 50292 

99978 40130 49870 00022 49892 

9.929478 [S. 50527 | 11.49473 | 10.00022 | 11.49495 
99977 50920 49080 ©0902 3 49103 9 | 
99977 $1310 48690 COO2 3 48713 8 
99976 51696 48304 0002 3 48328 - 
99976 52079 47921 oo 47945 | 6 
99976 52459 47541 00024 47566 8 
99975 52835 47165 00925 47190 4 
99975 53208 46792 ©0025 46817 3 
99974 53578 46422 2026 46448 2 
99574 53945 46055 00026 46081 I 
99973 54308 45692 00026 45718 2 
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M. | Sine, | Co-ſine. Tangent. Co: ang. ug. Secant. Co- ſecant. 
2 8. 54282 9.99973 8. 54309 11. 11. 4692 | 10, 00026 11. 45718 [ 
! 54642 99973 54669 45331 0002 7 45358 | 59 
2 54999 99973 $5027 | 44973 00027 45000 | 55 
3 55354 99972 55382 44618 0002 8 44646 | 55 
4 55705 99972 55734 44266 00028 44293 | 56 
5 56054 99971 5608z 43917 00029 43946 | 55 
6 | 56459 | 99971 56429 43572 00029 43600 | f. 
7 | 56743 | 99970 56773 43227 000 39 432357 | 53 
8 1 57084 [99970 4/127 oh 42886 00030 42916 | 52 
9 57421 99970 $7452 42548 00930. | 42579} 51 
19 | 8.57757 | 9.99969 | 8. 57788 | 11.42212 | 10.00031 | 11. 42243 | 56 
ny} 58089 99968 58121 41879 000 31 41911 | 49 
12 58419 99968 58451 41549 000 32 41581 | 48 
13 58747 99967 58779 41221 oo 32 41253 | 47 
14 59972 | 99967 59193 A 
15 59395 99966 59428 40572 02033 40605 | 45 
16 | 59715 | 99966 59749 40257 000 34 49285 | 44 
17 60033 } 99965 60068 39932 | 900034 39967 | 43 
18 60349 99965 60384 | 39616 000 35 39651 | 42 
19 60662 99964 60698 39302 „ 39233 a 
20 | 8.60973 | 9. 99964 S. C1009 | 11. 38991 | 10.00036 | 11, 39027 | 40 
214 61282 99963 61319 38683 00036 | 38718 39 
22 61589 99963] 61626 38374 | 000 37 38411 | 3) 
23 61894 99962 61931 38069 000 38 35106 | 37 
24 | 62196 99962 62234 | 37766 000 38 37804 | 36 
25 62496 99961 62535 37465 | ©0039 37503 | 3; 
26 62795 99961 62834 37166 ooo 39 37205 | 34 
27 | 6zogi | 99960 | 63131 36869 do, | 36999 | 33 
28 | 6338; 92960 63426 36574 oo | 36615 | 3: 
- 20: 63678 99939 63718 36281, 00041 36322 | 31 | 
30 | 8.63968 | 9.99959 | 8.64009 | 11. 35991 | 10. 900041 } 11. 36032 | 30 | 
31 64256 | 99958 64298 35703 00042 35744 | 29 | 
32 | 64543 | 99957 64585 35415 00042 35457 | 28 
33 64827 99957 | 64370 35139 oog; an 
34 | 651109 | 99956 65154 34846 0004 348go | 26 | 
33 | 65391 | 99956 65435 34565 | o0044 | 34609 | 25 
36 63670 99955 65715 342 85 00045 34339 | *4 | 
37 65947 | 99955 65993 34007 00045 34952 [23 
38 66223 99954 662 69 33731 00046 33777 22 
39 66497 99953 | 66543 33457 | 00046 _ 33503 | 
40 66769 | 9.99953 8. 66816 | 11. 33184 10. d0047 | 11, 33231 | 20 | 
41 67039 99952 67087 32913 00048 32961 | 19 | 
42 67308 99952 [ 67356 [ 32644 00048 32692 | 15, 
43 67575 99951 67624 32376 00949 32425 | 7 
44 67840 99951 67890 32110 00049 2160 | 16 
45 68104 99950 68154 31846 02050 31896 ] 15 
45 | 68366 99949 68417 31583 ©0051 | 31633 | 14 
47 | 65627 99949 68678 31322 ©0051 31373 | 3} 
48 | 68886 99948 68938 31062 0052 31114 | n 
49 | 60144 | 99947 69196 | 30804 | 09052 y0ug6-x 
50 | 8.69400 | 9.99947 | 8.69453 | 11. 39547 | 10.00953 | 11, 30609 | 10, 
51 69654 99946 69708 30292 00054 39349 | -I 
52 69907 99946 69962 30038 e 
3370159 99945 70214 29786 ©0055 „ 
54 | 70499 99944 | 70465 } 29535 09036 29591 
55 70658 99944 70714 29286 00056 29342 Fi 
56 79993 | 99943 70962 29038 00057 29095 | # 
57 71151 99942 71208 28792 00038 28849 3| 
58 71395 99942 71433 28546 ©0058 28605 | 
59 71638 99941 71697 28303 | 00059 28361 | 
60 71880 99940 | 71940 28060 ©0059 28120 [ 
| Co-tine..| Sine. | Co-tang.| Tangent. | Co-ſecant. | Secant. M. 
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Sine. | Co-line. Tangent. | Co-tang. 
$. 71880 | 9.99940 B. 71940 | 11. 28960 
72120 99940 72181 27819 
72359 99939 72420 27580 
72597 99938 73659 27341 
72834 99938 72896 27104 
73069 99937 73132 26868 
73393 99936 73366 26531 
73535 99936 7 3609 26400 
73767 99935 | 73832 26168 
73997 | 99934 | 74063 25937 
8. 74226 | 9.99934 | 8. 74292 11. 25708 
74454 99933 74521 25479 
74580 99932 74748 25252 
74905 99931 74974 25026 
75139 99931 75199 24801 
75353 99930 75423 24577 
75575 99929 75645 24355 
75795 99929 75867 24133 
76015 99928 76087 23913 
76234 22927 76306 5 3592 
8. 76451 | 9.99926 | 8.76525 ä 1.23475 
76667 99926 76742 23258 
76883 99925 76958 23042 
77097 9992 77173 22827 
77310 9992 3 77387 22613 
77522 99923 77599 22400 
77733 99922 77811 22189 
77943 99921 78022 21978 
75152 99920 782 32 21768 
75 360 99920 78441 21559 
78567 99919 8. 78649 11. 21351 
78774 99918 78855 21145 
78979 99917 79061 20939 
79183 99917 79266 20734 
79386 99916 79470 205 30 
79588 99915 79673 20327 
79789 953914 79875 20125 
79990 99913 80076 19924 
85189 9991 3 80276 19723 
80388 99912 80476 19523 
8. 80585 99911 | 8. 80674 11. 19326 
89782 99910 80872 19128 
$0978 99909 $1068 18932 
81173 99909 81264 18736 
81367 99908 81459 18547 
$1569 999097 $1653 18347 
$1752 99906 $1846 18154 
$1944 99905 82038 17962 
82134 99904 822 30 17770 
49 | 82324 99904 82420 17579 
8. 82513 | 9.99903 8. 82610 | 11. 17390 
22204 99902 $2799 17201 
133 99901 82987 17013 
3075 99900 83175 16825 
$3261 99899 83361 16639 
$3446 | 99898 83547 16453 
$3530 99898 82732 16268 
83813 99897 $3916 16084 
$3996 99896 84100 15900. 
31 4 99895 84282 15717 
+35 99894 $4464 15536 
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—— — — . ꝛ—ꝛ—. 13x — i 


| Secant, | Co-ſecant. 

10, 00059 11. 28120 | 
002960 27880 
09061 27640 
00062 27403 

| 00962 27166 | 
0006 3 26931 
00064 26697 
00064 26465 

| 00065 26233 
00065 2600 3 

10. 00000 | 11.25774 
02067 25546 
CoO068 25320 
00068 25094 
00869 24870 
ooo 0 24647 
ooo 24425 
00071 24204 
09072 2 3985 
©0007 3 23766 

10. 00073 | 11.2354) 
00074 23332 
00975 23117 
09076 22903 
00076 22690 
©0207 7 22478 
00078 22267 
00079 22057 
00079 21848 
095050 21639 

19, ooo I1.21432 
00082 21226 
ooo8 3 21021 
0008 3 20817 
00084 20614 

oo098 5 20412 
00085 20211 
00087 20010 
00087 19811 
00588 19612 

| 10. 00089 11.9415 
©0090 19218 
00091 19022 
©9501 18827 
©9092 18633 
©0909 3 18440 
00594 18248 
00095 18056 
ooo. 17866 
00097 17676 

10, 00097 | LI. 17457 10 
00098 17299 9 
00099 17112 8 
00100 16925 7 
©0101 16739 6 
00102 16554 5 
©21C2 16370 4 
00103 16187 3 
00104 16004 2 
ooo 15823 I 
00106 15642 © 
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TABLE V. Of Axrir ret AL Sines, Tangents, and Secants. 4 Degree, 


| OY OO EIBRATED | Kan, 
| M. Sine. Co- ſine. Tangent. Co-tang. | Secant. Co- ſecan. 
o 8. 84358 | 9. 99594 | 8.84464 | 11,15536 10. 00% 11. 5642 [ 
1 84539 99893 84645 15355 00107 i$401 | 6 | 
2 | 384718 99892 84826 15175 OO108 15252 | 5; 
3 $4897 99891 85006 14995 00109 15103 | 5 
4 85075 99890 85185 14814 00109 14925 | 76 
s | 35252 99890 85363 14637 00110 14748 | 5; | 
6 85429 99889 85540 14460 oorrt | 14571 | 5 
7 85605 99888 85717 14283 00112 14395 | ; | 
8 85780 99887 $5893 14107 00113 14220 3 | 
9 85958 99886 86069 198. .... 14045 51 
10 | 8. $6128 | 9.99883 [S. 86243 | 11.13757 | 10.00115 | 11,1872 & 
11 86 301 99884 86417 13583 0116 13699 49 
12 86474 99883 86590 13409 00117 13526 46 
13 96645 99882 [ 86763 13237 00118 1335s | 
14 86816 99881 86935 13065 00119 13183 | 46 
151 $6987 99880 87106 12894 00120 3013 | 4; 
16 87156 99879 87277 12723 ©0120 I2*43 | 44 
17 87325 99878 87447 12553 00121 12674 43 
18 87494 99878 $7616 12384 00122 1250 
19 87661 99877 87785 12215 8012312338 | 
20 | 8.87829 9.99876 [ 8.87953 | 11.12047 10. 00124 | 11. 12171 21 
21 87995 99875 83120 11880 00125 1200530 
22 88161 99874 88287 11713 00126 11839 | 8 
23 88326 99873 88453 11547 00127 116745 
24 88490 99872 $8618 11381 00128 11510 | 36 
25 88654 99871 88783 11217 00129 11346 | 5} 
26 88817 95870 88948 11052 ooi 30 11183 
27 88980 99869 89111 10889 00131 11020 3 
28 89142 99868 89274 10726 00132 10858 | 32 
20 | $9304 |__ 99867 [89417 I 
30 | 8. 89464 | 9.99866 | 8.89598 11. 10402 | 10. 00134 11. 10536 30 
31 89624 99865 89760 10240 00135 10375 | 29} 
32 89784 99864 89920 10080 00136 10216 | 28 | 
33 89943 99863 | yoo8o 09920 001 37 10057 f 
34 90102 99862 90240 ©9760 00138 og898 20 
35 90260 99861 90399 ©9601 00139 09740 | 2; | 
36 90417 | 99860 90557 09443 00140 09583 | 24 | 
37 99574 99859 90715 09285 00141 09426 23 
g 38 90730 99858 90872 ogiz8 | 00142 09270 | 22 
39 90883 99857 91028 o8971 00143 __ ogtts [| 21 
40 | 8.91040 |} 9.998; 8. 91185 | 11. 08815 | 10,00144 | 11. 08960 | 20 
41 91195 99855 91 340 08660 00145 o8805 | 19} 
| 42 91349 99854 91495 o8505 00146 o8651 | if} 
43 91502 99853 91649 1 o8498 fn 
| 44 91655 99852 91803 08197 00148 03345 16 
45 | 91807 99851 91957 08043 00149 o8193 | I 
46 91959 99849 92110 07890 00150 o8041 | 14| 
47 92110 99848 92262 07738 00151 07890 in 
48 92261 99847 92414 07586 00153 07739 | 7 
49 92411 | 99846 | 92565 | 07435 20154 7589 | 11} 
50 | 8.92561 | 9.99845 | 8.92716 | 11.07284 10. 00155 | 1107439 | 10} 
51 92710 99844 92866 07134 00156 07290 | 9} 
52 92859 99843 93015 06984 00157 071416 
$3 93907 99842 93165 06835 00158 06993 , 
54 93154 99841 93313 06687 00159 06846 
55 93301 99840 93462 | 0653s 00160 o6698 | 5 
56 93448 | 99839 93609 66391 [ 00161 65521 
57 93594 99838 93756 06243 00162 06406 | 3 
58 93749 | 99837 93903 06097 00163 1 
59 53885 99835 94049 ©5951 00164 o6115 | * 
6o | 94039 | 99834 | 94195 | o5805 | 0166 05950 | = 
| Co ſine.] Sine. | Co-tang.| Tangent. | Co-ſecant.| Secant, M. 
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Co- ine. 


M.] Sine. Tangent.) Co-tang.] Sccant. Co- ſecant. 

—| 8.94939 | 9.99334 | 8.94195 [. 05805 | 10,00166 (11.9% | 60 
94174 99833 94340 05060 00167 05826 59 
, 94317 99832 94485 05515 00168 05683 58 
; 94401 99831 94629 05370 08169 05539 57 
f 94603 99830 94773 05227 00170 03397 56 
; 94740 99829 94917 05083 00171 05254 65 
6 94887 99828 95060 04940 00172 95113 54 | 
7 95029 99827 95202 04798 00173 04971 53 
is | 95179 99825 95344 04650 09174 04930 |} $2 | 
9 95310 99824 _ 95486 94514 0125 24690 51 
To | 8.95439 | 9.99*23 | 8.95627 | 11.04373 | 10.00177 { 11.04550 | 50 
T 95599 44 5x 95767 04233 00175 04411 49 | 
[2 572 99821 95907 04092 00179 04272 48 
13 57855 99820 96047 93953 00180 94133 47 | 
14 | 96005 99819 90187 3813 0018! 03995 | 40 | 
5] 96143 99817 96325 03675 00183 03857 | 45 | 
16 9620 99816 96464 03536 00184 03720 44 | 
17 96417 99815 96602 03398 o0185 03583 43 
18 96553 99814 967 39 03261 00186 83447 42 
ly | 96689 29813. 96877 | 03123. 001 87 ozzit | 41 
20 | 8. 96825 | 9.99812 | 8.97013 11, 02997 | 10. 00158 | 11.03175 40 
21 96960 99810 97150 O02 850 00190 03240 39 
11 97995 99809 97285 | 02714 00191 029505 38 
31 97229 99808 97421 02 579 00192 227271 | 37 
| 97363 99807 97556 02444 00193 02637 | 36 
t5 97496 99806 97691 02 309 00194 2504 35 
16 97629 99804 97825 02175 00196 02371 34 

97762 99803 97959 02041 00197 02235 | 33 
97894 99802 98092 01908 oo198 02106 32 
28026 99801 98225 2 00199 o1974 |_31 
8.98157 | 9.99800 | 8.98358 | 11.01642 | 10.00200 11. 01843 30 
98288 99798 98490 01510 00202 | 1712 | 29 
98419 99797 98622 | 01378 00203 01581 28 
98549 99796 98753 01247 00204 01450 | 27 
98679 99795 98884 01116 00205 01321 | 26 
98808 99793 99015 00985 00206 01192 25 
98937 99792 99145 ooð 5; 00208 o1063 | 24 
99966 99791 99275 00725 00209 009 34 23 
99194 99790 99405 00595 00210 ov806 22 
22322 99788 | 99534 00466 00211 00678 21 
$. 99450 9.99787 8. 99662 11. 00338 10. 00213 11. 0053 50 20 
99577 99786 99791 00209 00214 0042 3 19 
99704 99785 99919 oOo. 00215 | 00296 18 
99830 99783 9. oo 10. 99954 00216 00170 | 17 
99956 99782 00174 99826 00218 00C44 | 16 | 
9. 00082 99781 oo 301 99699 00219 | 10. 99918 18 
pop 99780 00427 99573 00220 99793 14 
332 9977 00553 99447 00222 99668 | 13 
00456 99777 00679 | 99321 0022 3 99544 | 12 
00380 99776 00805 99195 00224 99419 | 11 | 
9. 00704 | 9.99774 | 9.00930 | 10.99070 | 10,00225 | 10,99296 | 10 
00828 | 99773 | o1055 98945 00227 99172 | 9 | 
00951 909772+ | on179 98821 00228 99040 8 | 
01074 99771 1303 98697 00229 989265 7 ] 
91196 99769 01427 98573 O02 31 98884 | 6 
01318 99768 01550 98450 O02 32 98682 85 
91440 99767 01673 98327 00233 98560 |. 4 
01561 99765 01796 98204 90234 98439 3 
| 9p 99764 61918 980 82 ©02 36 | 98318 2 
t 
3 997 0 3 9783 . 8239 2 Nes 
5 Co-fine, | Sine. | Co-tang. | Tangent. | Co-ſecant,| Secant. | N. 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants, 6 Degrees 


— —- 


hs — 2 2 


2 


83 Degrees. 


M. Sine. Co-ſine.] Fangent. Co-tang. Secunt. Co- ſecant. 
o 9.01923 | 9.99761 9 0% 10. 97838 10. 002 39 10. 900% 68 
EY 02043 99760 o228z 97717 002 40 97956 | 5g 
2 0216; 99759 02404 97596 00241 978;7_] 58 
3 02283 | 99757 02525 97475 00243 97717 | 55 
4 02402 99750 02645 97354 00244 97598 | 5 
5 02520 99755 02765 97234 00245 974d0 | ;; 
. 02639 99753 02885 97115 00247 97361 | 5, 
7 02757 99752 ©3005 96995 ©0248 97243 | 53 
8 02874 99751 03124 97876 00249 97126 | & 
9 02992 997 49 03242 | 96757 00251 97008 | 5 
10 | 9.03109 | 9.99748 9. 03301 | 10.96639 | 10. 00252 | 10, 96891 | 56 
WL 03226 99747 03479 96521 00253 96774 | yy 
| 12 03342 99745 03397 9640300255 96658 [4 
13 03458 99744 03714 96286 00256 96542 | 7 
14 03574 99742 83832 96168 00257 | 956426 40 
hk ©3690 99741 03945 96051 00259 96310 | 
16 03805 [99740 04065 95935 00260 96195 | 4 
17 03920 99738 04181 95819 00262 96080 | 43 
18 04034 997 37 04297 95703 00263 $5966 | @ 
19 04149  - 45 MESS... MB...) :.1 0 00264 95851 | 4 
20 | 9-04262 | 9.99734 | 9.04528 | 10.95472 | 10.00266 10. 95737 | 40 
21 04376 99733 046043 95357 ©0267 95624 yy 
22 04489 99731 04758 95242 00269 95510 | 4 
23 04503 99730 04873 95127 ooz70 | 95397 | j1 
24 0472S } . 99735 04987 95013 00271 95285 | z 
25 04828 99727 ©5101 94899 00273 95172 | x5 
26 04940 99726 05214 94786 00274 | 950bo | y 
27 | ©5052 99724 05328 94672 00276 94948 | 33 
28 05164 99723 05441 | 94559 00277 94336 | x2 
29 | 905275 99721 } 05553 94447 00279 94725 | Jl 
30 9.05386 | 9.99720 9.05666 10. 94334 10. 00280 | 70.94614 | p 
31 ©5497 99718 05778 94222 002811 94503 | 29 
32 05607 99717 03890 94110 oo283 | 94393 | 13 
33 05717 | 99716 o6002 93998 oo28z | 94283 | 2 
34 05827 99714 06113 93887 00286 | 94173 | 26 
35 05937 99713 o6224 | 93776 00287 94063 | 23 
36 06046 99711 06335 93665 00289 93954 | 4 
37 06155 99710 06445 93555 00290 93845 | 2} 
2 06264 99708 06556 93444 00292 93736 [u 
1.39 06372 [ 99707 06665 93334 00293 93628 | 21 
42 | 9.06451 | 9.99705 9. 06775 | 10.93225 | 10.00295 | 10.93519 | 20 
an: o6588 99704 06885 93115 00296 þ 93411 | v9 
Þ +2 06696 99702606994 93006 00298 93304 | 1 
| 43 o6804 99701 07103 92897 | oo299 93396 | 17 
4 44 | 06911 99699 O7211 92789 00301 |þ 93069 | 6 
| 45 07018 99698 07320 92680 00302 | 92982 | li 
1 46 07124 99696 07428 92572 | 00304 92876 | 4 
1 4 07231 99695 07536 | 92464 00305 92769 | 
48 07337 9969 3 07643 92 357 00307 92663 | 
_49 |___07442 | 99692 | 07750 92249 00308 ho 92558 |h 
50 | 9-07548 | 9.99690 9. 07858 10.92142 | 10,00310 | 10.92452 | 
51 07653 99689 07964 92036 00311 92347 
52 07758 99687 08071 91929 00313 92242 l 
53 | 0786; 99686 o8177 | 91823 00314 92177 
54 07968 99634 32834 91717 00316 92032 
355 08072 99683 08389 91611 00317 91928 
1 56 08176 99681 08495 91505 00319 91824 | | 
| $7 o8280 [ 99680 o8601 | 91400 00320 9179 | | 
| 58 08383 99678 08705 91295 ©0322 91617 | 
{ 59 08486 99677 08810 91190 00323 91514 
| 60 o8 589 99675 08914 91686 00325 $36? 1 
| [Co-fine. | Sine. | Co-tang. Tangent, Co. ſecant.] Secant. 
* N e N 


TABLE V. Of anTIrictArL Sines, Tangents, and Secants. 7 Degrees. 


—— . a. . - — — 
u.] Sine. | Co:ſine. Tangent. Co-tang. Secan'. | Co-ſc:cant, 

= | 9.035% | 9.99675 | 9. 91410. 91086 | 10,00325 | 10.91411 Go 
' 08692 9967 3 09019 9098 i 09326 91308 59 
2 | 08795 996 72 9, 90877 09325 91205 | 55 
1 08897 99670 09227 90773 00330 91103 57 
4 08999 99659 09339 906 70 00 ;z1 91001 | 56 
; | o9gtol 99667 99434 90566 | 00333 90899 | 55 
6 09202 99666 09537 99463 00334 99798 | 54 
= 09 304 99654 09640 90363 00336 906956 53 
| 8 09495 99652 09742 90258 00337 90595 | 52 
| g |_o9596 |__99661_|__og84g |__yorzs | _rox | goggy | 51 
9. 09606 | 9.99639 | 9.09947 | 19.9005; | 19,00341 0. YO 394 50 
09706 99638 10049 89951 OO 342 90293 49 
09807 99636 10150 89850 00344 | 90193 48 
09996 99655 10252 847 48 co 345 9003 | 47 
10006 99633 19353 89647 00347 89994 | 46 
10106 99651 10454 89546 00349 89894 45 
10205 99650 10555 89445 00350 89795 |] . 44 
10304 99648 10636 89344 09332 89696 | 43 
10402 99647 10756 392 44 00353 99597 | 42 
10501 99645 10856 689144 00355 89409 | 41 
9.10599 | 9- 99643 | 9.10956 | 10. 89044 1. 00357 | 10. 89401 40 
10697 99642 11056 88944 00358 $9303 | 39 
19795 99640 11155 88845 00360 89205 | 38 
10893 99638 11254 88746 00 362 89107 | 37 
10999 996 37 11353 88647 00363 89010 | 36 
11087 99635 11452 88548 00365 88913 | 35 
11184 99633 11551 88449 00 $46 88816 34 
11281 99632 11649 88351 00368 88719 33 
11377 996 30 11747 88253 09370 88623 | 32 
11474 99628 11845 88155 | 00371 88 26 31 
9.11570 | 9.99627 9.11943 10. 88057 | 10.00373 | 10. 88430 30 
11666 99625 12040 87960 00375 88334 29 
11761 99623 12138 87862 00376 88239 28 
11857 99622 12235 87763 00378 88143 27 
99620 12332 87668 00 389 88048 26 
99618 12428 87572 00381 87953 25 
99617 12525 87475 00383 | 87858 | 24 
99615 12621 87379 00385 87764 23 
9961 3 12717 87283 o0 387 87669 22 
99611 12813 87187 00388 87575 21 
9. 99610 ] 9.12909 | 10. $7091 | 10. 00390 | 10. $7481 20 
99608 1 3004 86996 0 392 87387 19 
99607 13099 86901 00393 87294 18 
99605 | 13194 86806 | 00395 87201 17 
99603 13289 86711 00 397 87107 16 
99601 13384 86616 00398 86015 I5 

99600 13478 86522 00400 86922 1 
99598 13573 86427 | ©0402 86529 | 13 
99596 1 3667 86333 00404 86737 | 12 
99595 1 3760 $62 39 00405 86645 [11 
9. 99593 | 9.13854 | 10. 86146 | 10.00407 | 10. 86553 | 10 
99591 13948 86052 00409 86461 9 

99589 14041 85959 02411 86 37 1 
99588 14134 85866 00412 86278 7 
99586 14227 85773 00414 86187 6 
9958 4 14320 85680 00416 86096 5 
99582 14412 85588 00418 86006 4 
99581 14594 | 85496 09419 85915 3 
99579 14596 85403 00431 65825 } 3 
99577 14688 85311 00423 85734 l 

99575 14780 85200 00425 $5644 2. 

Sine. | Co-tang. | Tangent, |Co-lecant.| Secant, | M. 
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Co-fine, 


Ad E V. Of ArT1F1CHAL Sines, Tang, and Secants. 8 Negrees, 


Sine. Langent.] Co-tang. | Secant. Co-ſecant. 
0 | 9.14356 | 9.99575 | 9.14780 10. 85220 | 10.00425 | 10, 85644” 
1 14445 99573 14872 85128 00426 85553 
2 14535 99572 14963 85037 00428 85465 
3 1402 4 99570 15054 84946 00430 $5376 
4 14714 99 368 15145 84855 004 32 $5286 
5 14803 99566 15236 84764 00434 85197 
6 14891 99365 15327 84673 00435 851054 
7 14980 99563 15417 84583 004 37 $5020 
8 15069 99561 15508 $4492 co439 $4931 
9 15157 995509 15598 84402 00441 $4843 
9.15245 99557 15688 10. 84312 10. 00443 | 10. $4755 
15333 99555 15777 84222 00444 84667 
15421 99554 15867 $4133 004 46 $4579 
15508 99552 15956 $4043 00448 $4492 
15596 99550 16046 83954 00450 $4404 
15683 99548 16135 83865 00452 84317 
2 99546 16224 $3770 00454 81230 
15857 99545 16312 83688 00455 84143 
15943 99543 16401 $3599 00457 84056 
16030 99341 16489 S3511 00459 83970 
16116 99539 16577 | 10. 83423 . 00461 10. 8388, 
16203 99537 16665 83335 00463 $3797 
16289 99535 16753 83247 00465 83711 
10374 99533 16841 831 59 00467 83626 
16460 99532 16928 83072 00468 83540 
16545 995 30 17016 82984 00470 $3455 
16631 99528 17103 82897 00472 $3369 
16716 99526 17190 82810 00474 $3284 
16801 99524 17277 82723 00476 83199 
16886 99522 17363 82637 00478 | 83114 
9. 16970 99520 17450 82550 | 10. oo 480 10. S zo zo 
17055 99518 17536 82464 00482 82945 
17139 99517 17622 82378 oogS83 82 861 
17223 99515 17708 82292 004583 82777 
17307 99313 17794 82206 00487 82693 
17391 99511 17880 82120 00489 82609 
17474 99509 17965 82034 00491 82526 
17558 99507 18051 $1949 0049 3 82442 
17041 99505 18136 81864 00495 82359 
17724 99503 18221 81779 00497 82276 
9.17807 | 9. 99501 8306 81694 | 10, 00499 | 10. 82193 
17890 99499 18391 81609 00501 82110 
17973 99497 18475 81525 00503 82027 
18035 99495 18560 81440 00504 51945 
18137 99493 18644 $1356 00506 81863 
18220 99492 18728 81272 00508 $1750 
18302 99490 18812 81188 00510 81698 
18383 99485 18896 81104 00512 81617 
18465 99486 18979 81021 00514 81535 
18547 99484 19963 80937 00516 $1453 
18628 . 99482 [9.19146 . 806854 | 10,0051$ 10. 81372 
18709 99480 19229 80771 00520 $1291 
18790 99478 19312 80688 00522 81210 
18871 99476 19395 80605 00524 $1129 
18952 99474 19478 80522 00526 $1046 
19033 99472 19561 80436 00528 80967 
19113 99470 19643 80 357 005 30 80887 
19193 99468 19725 80275 005 32 80807 
19273 99466 19807 80193 005 34 80727 
19353 99464 19889 80111 00536 80047 
19433 99462 19971 80029 005 38 80567 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 9 Degrees. 
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Sine. Co- fine. Tangent.] Co-tang, | Secant. Co-ſecant. | 
9+ 19433 9. 99402 | 9.19971 10. 80029 | 10. 00538 10, 80567 60 
19513 99460 20053 19947 00540 80487 59 
1959: 99458 201 34 79865 00 542 80408 58 
19672 99456 20216 79784 00544 8032S 57 
197 99454 20297 79703 00546 80249 | 56 
1995 99452 20378 79621 00548 50170 | 55 
19999 | 99450 20459 79541 00550 89091 | 54 
1998 99448 20540 79460 005 52 80012 53 
2006 7 99446 20621 79379 00554 79933 | 52 
2014s f__ 9444 | _ 20701 | 79299 | eozg6 | _ tobss F510 
* 394.3 9. %% 2 9. 20782 | 10.79218 | 10. 00558 | 10. 79777 50 
20302 Y + 20862 79138 00560 79698 49 
20380 99438 20942 79058 ©0562 79620 48 
294586 99430 21022 79778 00564 79542 | 47 
20535 99434 21102 78848 00566 79403 46 
20613 99432 21181 78818 00568 79387 | 45 
20691 99429 21261 78739 0057 79329 | 44 
25798 99427 21340 78659 00573 19232 | 43 
2085 99425 21420 78580 00575 79155 | 42 
20422 99423 | 21499 78501 00577 79075 | 41 
9. 29999 » 9942! | 9-21578 | 10. 78422 10. 090579 | 10, 79001 40 
21076 4 1419 21657 7834: 00581 78924 | 39 
21153 99417 21736 78264 00583 73847 [38 
21229 99415 21814 78186 00585 78771 37 
21305 99413 21893 785107 00587 73694 | 36 
21 ;$2 99411 21971 78099 o0589 78618 J 35 
21458 99409 220439 77951 00591 78542 34 
21534 99407 22127 77873 00593 78465 [33 
21610 9404 22205 77795 ©0595 78390 32 
21665 99402 22283 77717 00598 78315 31 
9, 21701 9.99490 . 22301 10. 77639 10, 00000 10. 75239 30 
21836 99395 22438 77562 00602 75164 |} 29 
21912 99 395 22516 77484 00604 78088 28 
2197 99394 22593 77407 oO 78013 | 27 
22062 99392 22670 77330 00608 77938 26 
22137 99 390 22747 77253 00619 77863 25 
22211 99388 22824 77177 00612 77788 24 
2226 9 285 22901 77099 00615 77714 23 
22 361 99333 22977 77022 00617 77639 | 22 
22435 99281 | 23054 76946 | oobig | 775653 | 21 
9.22509 | 9.99379 | 9.23130 | 10, 76870 | 10, 00621 | 10, 77491 20 
22583 99377 2 3206 76793 0062 77417 | 19 
22655 99375 23283 76717 00625 77343 18 
22731 99 372 23355 76641 00628 77269 | 17 
22805 99370 23435 76565 006 30 77195 16 
22878 99 368 23510 76490 006 32 77122 I5 
22952 99 366 2 3586 76414 006 34 77048 | 14 
23025 99 364 2 3661 76339 006 36 76975 13 
2 3098 99362 237737 76263 00638 76902 12 
n 99359 23812 26188 00641 76829 It 
9. 23244 | 9.99357 . 23887 10. 76113 | 10.00643 | 10. 76756 10 
23317 99355 2 3962 76038 00645 76683 9 
23390 99353 24037 75963 00647 76610 8 
23462 99 351 24112 75888 00649 76538 7 
23535 99 348 24186 75813 00052 76465 6 
23607 99346 24261 75739 00654 76393 5 
23679 99 344 24335 75665 ©0636 76321 4 
23751 99 342 24410 75590 00658 76248 3 
23523 99349 2 4484 75516 00660 76177 2 
23895 99337 24558 75442 00663 76105 r 
23967 99335 24633 75368 09665 76033 © 
| Co-ſine. Sine. | Co-tang. | Tangent. | Co-ſecant.| Secant. | M 
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TIFICIAL Sines, Tangents, and Secants. 10 Degrees 


M.] Sins. Co- ſine. Tangent. ] Co- tang. | Secant. Co- ſecant. | 
o 9.23967 | 9.99335 | 9.24632 | 10.75308 | 10. 00665 10. 76033 P 
I 24039 99333 24706 | 75294 00667 | 75961 | 9 
2 24110 99331 24779 | 75221 o0669 75 890 58 | 
3 1 24:81 99328 24853 75147 00672 7519 | 54 | 
3 99526 24920 75074 00674 75747 | 56 | 
5 24324 99324 25000 75000 00676 75676 | 5; | 
6 24395 99322 | 25073 74927 00678 756053 | 4 | 
7 24466 99319 25146 74854 oo SO 755345 | 
$ 24536 99317 25219 74781 | oo683 75464 | 22 
wh, 24607 29315 | 25292 74708 | oo685 23393 || 51 
i 10 | 9.24677 9.99313 | 9. 253653 10. 74635 10. 00687 10. 75323 0 
| 32 24745 99310 25437 74563 00640 75232 | 49 
12 24818 99308 25510 74490 | 00692 75182 [4 
13 24888 99306 25582 74418 00694 75112 | 
14 24955 99 304 25655 74345 00696 75942 | 46 | 
oS x 25025 99301 25727 74273 00699 74972 | 45 | 
16 25098 99299 25799 74201 00701 74902 | 44 | 
17 | 25168 | 99297 | 2581 | 794129 00703 74832 [ 
18 25237 99294 25943 74957 ©0706 74762 | 42 
19 25307 99292 26015 73985 00708 74693 | 41 
20 | 9.25376 | 9.99290 | 9.26086 10. 73914 | 10.00710 | 10.74623 | 6 
2r | 25445 | 99288 | 26158 73842 | oo712 74555 | 9 | 
22 | 25514 | 99285 26229 73771 00715 74486 | 
23 | 25583 | 9928326301 73699 00717 74417 | 37 
24 2 5652 99281 26372 73628 00719 74348 | 36 
25 25721 99278 26443 73557 00722 74279 | 35 
26 } 25790 99276 26514 73486 00724 74210 | 34 
27 25858 99274 26585 73415 00726 14142 | 33 
284 25927 99271 26655 73344 00729 74973 | 32 
29 25995 99269 26726 73274 007 31 74005 | jt | 
39 | 9. 26063 | 9.99267 | g. 26797 | 10. 73203 | 19.00733 10. 73937 | | 
31 26131 99264 286865 73133 007 36 73869 | 29: 
32 26199 99262 26937 73063 007 38 73801 | 28 
33 26267 99260 27008 72992 00741 73733 7 
34 26335 99257 27078 72922 | ©0743 73605 | 26 
35 26403 99255 27148 72852 00745 73597 5 
36 26470 99252 27218 72782 00747 73530 | 24 
37 | 26538 992 50 27288 72712 00750 73462 | 23 
33 | 26605 99248 27357 72643 00752 73395 * 
39 26672 99245 | 27427 72573 00755 73325 | 21. 
49 | 9.26739 | 9.99243 | 9.27496 | 10.72504 | 10,00757 | 10.73261 | 20 | 
41 26806 99241 27566 72434 00759 73193194 
42 26873 99238 27635 72365 00762 73127 | bY 
43 26940 992 36 27704 72296 00764 73060 | 17 
44 27007 99233 27773 72227 00766 72993 6% 
45 27073 99231 27842 72158 09769 72927 | 5! 
46 27140 99229 27911 72089 00771 72860 | 4 | 
47 27206 99226 27980 72020 00774 72794 | 13 
48 27273 99224 28049 71951 00776 72727 | 1 
49 27339 99221 28117 71883 00779 72661 | fl 
50 | 9.27495 | 9.99219 | 9.28186 | 10. 7181410. 00781 | 10.72595 % 
51 27471 99217 | 28254 71746 00783 72529 | ; | 
52 27537 99214 28323 71677 00786 72463 } | 
53 27602 99212 28391 71609 00788 72 395 c 
54 27668 99209 28459 71541 00791 72332 | 
55 27734 | 99207 28527 71473 00793 72266 | 5 
56 27799 99204 28595 71405 00796 72201 . 
57 27864 99202 28662 71338 00798 72136 | 3] 
58 27930 99200 28730 71270 09800 72070 | *| 
59 27995 99197 28798 71202 oo8o3 72005 2 
60 2 8060 99195 28865 71135 o0805 72940 
} Co-tine. | vine, | Co-tang, | Tangent. | Co-ſecant.] Secant. DM. 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 11 Degrees. 


— 2 

M. Sine. ] Co- ſine. Co-tang, | Secant. |Co-ſecant.| - {| 

'o | 9.25060 | y.99195 | g. 28865 10. 71135 | 10.0080; 10. 71940 69 | 

54 28125 99192 28933 71067 00808 71875 59 
2 28190 99190 29000 71000 oo810 ' 71810 J 58 
282 54 99187 29067 70933 oo8Biz3 | 71746 57 
4 28319 99185 291 34 70866 oo815 71681 56 
s | 28384 99182 29201 70799 o0818 71616 55 
6 28448 95180 29268 70732 00820 | 71352 54 
7 28512 99177 29335 70665 0082 3 71488 53 

18 28577 99175 29402 70598 00825 71423 | 52 
9 [ 2864 | 99172 [ 29468 | 70532 00/28 71359 | $1 

To | 9-28705 9.99170 g. 29535 | 10.70463 10. oo830 10. 71295 {| 50 

41 28769 99167 29601 70399 00833 | 71231 | 49 

| 12 28833 99165 29668 70332 00835 71167 48 
13 28896 99162 29734 70266 oo838 71:94 | 47 
14 28960 99160 | 29800 70200 | 00840 71040 | 45 
5 | 29024 } 99157 29866 701 34 00843 | 709975 | 45 
16 29087 99155 29932 70068 o0845 70913 | 44 
17 29150 99152 29998 70002 | o0848 70850 43 

18 29214 99150 30064 69936 00850 70786 | 42 
2 99147 | 30130 89870 00553 70723 {| 41 | 
20 9. 29349 [9.99145 [9 30195 | 10.6980; 10. oo85 10. 0666 as | 
21 29493 | 99142 30261 69739 00858 | 70597 | 39 
22 | 29466 99140 | 30326 69674 oo860 | 70534 [8 
23 29529 99137 39391 69609 00863 70471 | 37 

24 29591 991 35 39457 69543 co865 | 70409 | 36 
25 29654 99132 | 30522 | 69478 00868 70346 | 335 
26 | 29716 99130 30587 69413 o08750 70284 | 3+ | 
27 29779 | 99127 30652 69 348 00873 70221 33 
28 29841 99124 39717 69283 | o0876 | 70139 | 32 | 
29 | 29903 99122 30782 69218 oo 878 0 7 N 
zo | 9.29966 | 9.99119 | 9. 30846 10. 69154 | 10. 00881 | 10. 70034 30 | 
zl 30028 99117 30911 69089 o0883 69972 | 29 
32 | 300go 99114 39975 6902 5 00886 69910 | 28 | 
33 30151 99112 31040 68960 0888 69849 27 | 
34 30213 99109 31104 68896 oo 89 69787 | 26 | 
35 30275 99106 31168 68831 o0894 | 69725 25 | 
36 39336 99104 31233 68767 | oo8g6 69664 |] 24 | 
37 30388 99101 31297 68703 | eo899 69602 23 
134 30459 99099 31 364 68639 | oogot 69541 | 22 | 
{39 |__30521 | 99096 31424 68575 00904 69479 | 21 | 
| 40 9. 39582 | 9.990993 | 9. 31489 10. 08511 | 10.00907 | 10. 69418 20 | 
[4 | 30643 | ggogr | 31552 68448 00999 69357 | 19 | 
42 39704 99088 31616 68384 00912 69296 | 18 
43 39765 99086 31679 68320 00914 69235 | 17 

| 44 $0826 99083 31743 68257 oogl7 | 69174 | 16 

(| 45 39887 99080 31806 68194 00920 69113 {| 15 
164 30947 99078 31870 68130 oo?! 65; | 14 

| 4" 31008 | 99075 31933 68067 00925 | 68992 13 

| 46 31068 99072 31996 68004 | 00928 | 68931 | 12 
[49 |__31129 99070 32039 f___ 67941 00930 68871 | 11 

| 2 | 9: 31189 | 9.99067 9. 32122 | 10. 67878 10. 00933 10. 68811 | 10 

| : 31249 99964 32185 67815 00936 68750 | 9 
31310 99062 32148 67752 oog38 68690 ] 8 
5 31370 99059 32311 67689 00941 68530 7 
4 | 31430 99056 32373 67627 00944 68570 | 6 | 
0 31490 99054 32436 67564 00946 | 68510 5 
5 35549 99051 | 32498 67503 00949 68451 4 
" 31609 99048 32561 67439 | 009 52 68391 3 
4M 56g 99046 3262 3 67377 00954 68331 2 
60 31728 99043 326853 67315 00957 68272 F 1 
& | 31788 99040 32747 67252 00960 | 68212 | o 
__| Co-fine, Sine, | Co-tang.| Tangent. | Co- ſecant. Secant. 1 M. 
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TABLE V. Of Ax ririctAr Sines, Tangents, and Secants, 12 Degrees 


e . eee 7—w ies 


, : mU.ʃͤ⁰ Au! a AA $4 Wm 


M. ] Sine. | Co-line, | Tangent. | Co-tang. | Secant, | Co-ſecant, 
fo) 9. 31788 9.99040 | 9g. 32747 10. 07253 | 10, 00960 10. 68212 
1 31847 99038 32810 67190 004y62 68153 
2 31907 990 35 32872 67128 ©0096 5 680g ; 
3 31966 990 32 32933 67067 00968 68034 
4 32025 990 30 32995 67005 00970 67y75 
5 32084 99927 33957 66943 0097 3 67916 
6 32143 99024 33119 66881 00976 67857 
7 32202 99022 33180 66820 00978 67798 
8 32261 99019 33242 66758 00981 7739 
9 32319 99016 3303 56697 00984 67681 
10 | 9.32378 | 9.99013 | 9.33365 | 10. 66635 | 10.00987 | 10, 67022 
11 32437 99211 33426 66574 009589 67563 

12 32495 99908 33487 66513 00992 67 503 

13 32553 99093 33545 66452 00995 57447 

14 32612 99003 33609 | 66391 00998 67388 

i5 32970 99000 330670 66330 ©1000 67330 
16 32728 98997 33731 66269 o 1003 7272 

17 | 32786 98994 33792 66208 01006 67214 

18 32 844 98991 33853 66147 o loo 67156 

19 32902 98989 33913 66087 ont 65098 

20 | 9.32960 | 9.98936 9. 33974 | 10. 66026 10. 01014 10. G 

2x 33018 98983 34934 | 65966 o1017 66982 

22 33075 98980 34095 63905 01020 66925 

23 33133 98978 34155 65843 01022 66867 

24 33190 98975 34215 65784 01025 66810 

25 33245 58972 34276 63724 01028 66752 

26 33395 98969 34336 65664 01031 66695 

27 3336: 98967 34396 65604 01033 66638 

28 33420 98964 34456 65544 o1036 66580 

2 33477 | 95961 34516 63484 01039 66323 

30 9.33534 [9.98958 | g. 34576 | 10. 65424 | 10,01042 | 10. 66466 

31 33591 98955 34635 65 365 01045 66409 

32 33647 98953 34695 65 305 01047 66332 

33 33794 95950 34755 65245 01050 66296 

34 33761 98947 34814 65186 01053 662 39 

35 33818 98944 34874 65126 01056 66182 

36 33874 98941 34933 65067 01059 66126 
7 3393! 98938 34992 65008 01062 66069 

zs | 33957 98936 35051 64949 01064 | 656013 

39 34943 93933 35111 64889 01067 65957 

49 [9.340 | 9.93930 | 9.35170 | 10.64830 | 10.01070 | 10.65900 

4+! 34156 98927 35229 64771 ©1073 63844 

42 34212 98924 35288 64712 01076 65788 

43 34268 98921 35346 | 64653 ©1079 65732 

44 34324 98919 35495 64595 01081 65676 

45 34380 98916 35404 64536 oo 65620 

45 34435 98913 35523 64478 01087 65564 
7 34491 98910 35581 | 64419 01090 63509 

48 34547 98907 35640 64360 01093 65453 

49 | 34602 98904 35698 64302 01096 65399 

50 | 9.34638 | 9.98991. | 9g. 35757 | 10.64243 | 10.01099 10. 65342 

51 34713 98898 35815 64185 01102 65287 

52 34769 | 98896 | 33873 64227 01104 65231 

$3 3452 98893 35931 64069 01107 63176 

54 34879 9 890 35989 64011 01110 6512¹ 

55 3493+ 93587 30047 . 63953 01113 65066 

56 34989 9588 36105 63895 01116 [ 6z01l 

57 35044 98881 [ 36163 63837 01119 64956 
58 35099 98878 36221 63779 1122 64901 

59 | 33154 98875 36279 63721 01125 64846 

60 35209 98872 36336 63664 [601128 64791 

| Co-fine.| Sine. | Co-tang.| Tangent. [Co-ſecant.| Secant. 
— — — 
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TABLE V. Of Ax TI Ie rA Sines, Tangents, and Secants. 13 Degrees. 
* — 1 — — i 


- 
—_ 


M.] Sine. | Co-fine. |Tangent. | Co-tang. | Secant. | Co-ſecant. | 
— | 9. 35209 9.98872 | 9.36336 | 10.63664 | 10.01128 | 10.64791 60 
35263 983869 36394 | 63606 1130 64730 | 59 
2 35318 98867 36451 63548 O1133 64682 58 
31 35373 98864 36509 63491 01135 64627 | 57 
411 35427 98501 36566 63434 1139 64573 | 56 
5 35481 98858 36624 63376 ©1142 64518 | 55 
| 6 35536 98855 36681 63319 1145 64464 | 54 
| 7 35590 98852 36738 63262 01148 64410 33 
$ 35644 98849 36795 63205 olIS1 64356 | 52 | 
g} 35695 98846 30552 | 63148 . 604302 51 
9. 35752 9.96843 9. 30909 10. 63091 10. 01157 10. 64248 50 Wi. 
11 35806 98840 36966 63034 01160 64194 | 49 | 410 
12 35860 98837 37023 62977 01163 64140 f 48 || ik 
13 35914 98834 37080 62920 01166 64086 | 47 1 
14135968 [958831 37137 62863 01169 64032 | 46 mk 
| 15 36021 98828 37193 62807 OI172 63978 | 45 || 8 
[16 | 36075 | © 98825 37250 62750 1175 63925 | 44 mY 
ll 17 36129 98822 37306 62694 01178 63871 43 aj 
18 36182 9881937363 62637 01181 63818 | 42 1 
19 36236 98810 37419 62581 01184 53764 41 1 f 
| 20 | 9. 36289 9.98813 | 9.37476 10. 62524 10. 01187 | 10. 63711 40 | 
21 36342 98810 37532 62468 01190 63658 | 39 N. 
22 36395 98807 37588 62412 01193 63605 38 li [ 
[23 | 35448 98804 37644 62356 1196 63551 | 37 bl: 
| 24 36502 98801 37700 62300 01199 63498 | 36 [ 
z5 36555 98798 37756 62244 1202 63445 [ 35 [ '@ 
26 36607 98795 37812 62188 01205 63392 34 |I 3g 
27 36660 98792 37868 62132 01208 4 63340 | 33 1 
28 36713 98789 37924 62076 OI211 63287 | 32 * 
2g | 36766 |___ 98786 37950 | 62020 o1214 | ____ 63234 | 31 bt 
| 9. 9. 36818 9. 98783 | 9.38035 10. 61965 10. 01217 | 10.63181 30 , 
31 36871 98780 38091 61909 01220 63129 | 29 
| 32 3692 4 98777 38147 61853 | 91223 63076 28 
| 33 36976 98774 38202 61798 01226 63024 27 
34 37028 98771 38257 61743 01229 62971 26 
33 37081 98768 38313 61687 01232 62919 | 25 
36 | 37133 98765 38368 61632 01235 62867 | 24 
7 37185 98762 38423 61577 01238 62815 23 
zo 37237 98759 38479 G1521 01241 62763 | 22 
"—_ | 372%99 | 98756 38534 | 61466 01244 62711 | 21 
| 109. 37341 9.98753 9. 38589 10. 61411 10. 01247 10. 62659 20 
| 41 37393 98749 38644 61336 | 01250 62607 19 
| 2 37445 98746 38699 61301 01254 62555 18 
137407 98743 38754 61246 01257 62503 | 17 my 
1 44 27549 98740 38808 61192 01260 62451 |] 16, k 
4 | is 37600 98737 38863 61137 01263 62400 | 15 1 
3 46 37652 987 34 38918 61082 01266 62348 |] 14 H1 
2 1 7703 98731 35972 | 61028 01269 62296 13 * 
11 46 7755 98728 39027 60973 01272 62245 12 | 
01 | 37506 98725 oi | G6og18 01275 62194 | 11 1 
9. 37858 | 9.9$722 | g. 9. 39136 10. 60864 | 10.01278 | 10.62142 10 + 
s 37909 98719 39190 60810 01281 62091 9 ': i 
5 37960 98715 39245 60755 01285 62040 8 & 38 
5 38011 98712 39299 60701 601288 61989 2 | | 4 
7 38062 Sog 39353 60647 01291 61938 6 bu 
s | 35113 98706 39407 69593 01294 61887 | 5 | 1% 
| 38164 98703 39461. 60539 | * ©1297 | 61836 | 4 *N 
7 38215 98700 39515 60485 01300 61785 3 :8 
4 38266, 98697 39569 60431 01303 C1734 2 If i 
60 38317 98694 39623 60377 ol 306 61683 I | 1 1 
38368 [98690 4 39677 60 323 01310 61632 | o If 1 
: 
| Co-ine, | Sine. Orang. | Tangent. | Co-ſecant.| Secant. Ul NI. 0 q 4 9 
oo 6 D DE 1 
7 egrees. 9 


3 
2 — 22 
443 


TABLE V. Of Ax ririer Ar Sines, Tangents, 


— —— 3 
M.] Sine. | Co-fine. Tangent. Co-tang. | Secant. Co-lecant, 
© 9.38368 | 9.98690 | 9. 39677 | 10. 6032310. 01310 | 19 61632 7 
I 38418 98687 3973! 60269 01313 6iz3z | | 
2 38469 98684 39785 60215 01316 61531 © 
3 38519 98681 39838 60162 01319 61481 | 55 
4 38570 98678 39892 601 08 01322 61430 56 
5 38620 98675 39945 60054 ol 325 61380 | 5; 
6 38670 98671 39999 60001 01329 61330 | 5, 
7 38721 | 38668 40052 59948 ol 332 61259 | 5; 
8 38771 9866 5 40106 59894 81335 61229 | 52 
9 38821 98662 40159 59841 01338 | 651179 | 51 
10 | 9g. 35871 9. 98659 9. 40212 10. 59788 10. 01341 10. 61 Ti 55 
11 38921 9865 5 40266 59734 81344 61079 | 49 
12 38971 98652 40319 59681 1348 61029 4 
13 39021 98649 40372 59628 OL 351 609979 | 4 
| 14 39071 98646 40425 59575 1354 60929 | 46 
15 39131 98643 40478 59522 ol 357 | 60879 | 45 
16 39170 98640 40531 59469 Ol 360 60830 | 4 
1 39220 98636 } 40584 $9416 ol 364 60780 | 43 | 
18 3927 98633 406 36 59363 01367 60730 | 44 
| 19 39319 986 30 40689 59311 01370 606814 
20 | 9.39369 9. 98627 9.40742 10. 59258 | 10. 01373 10. 60631 40 
21 39418 98623 40795 59205 81377 605362 | 39 
22 39467 98620 40847 59153 O1 380 60533 | 3) 
{| 23 39517 98617 40900 59100 1383 60483 | FX 
24 39566 98614 40952 59048 01386 60434 | 36 
25 39615 98610 41004 58995 O1 390 60385 | 1; 
26 39664 98607 41057 58943 01393 60336 | 34 
27 39713 98604 41109 58891 01396 60287 | 33 
28 39762 98601 411641 58839 or 399 60238 | 32 
29 39811 98597 41214 58786 01403 60189 | wy 
39 | 9. 39860 | 9.98594 } 9-41206 |, 10.58734 10. 01406 10. 60140 | 30 
31 39909 98591 41318 58682 01409 60091 | 29 
32 39957 qQ8388 41370 58630 01412 60042 10 
33 49906 98584 41422 58578 01416 59994 
34 40055 98581 41474 58526 01419 59945 
35 40103 98578 41526 58474 01422 54896 
36 40152 98574 41577 58422 01426 59848 
37 40200 98571 41629 58371 01429 $9800 
38 49249 98568 41681 58319 01432 $9751 
39 40297 98565 41733 58267 01435 $9793_ 
49 | 949345 | 9-98561 | 9.41784 | 10.58216 | 10.01439 | 10. 59654 
41 40394 98558 41836 58164 01442 59606 
42 40442 98555 41887 58113 01445 59558 
43 40490 98551 41939 58061 01449 59510 [ 
44 | 49538 | 98548 | 41990 58010 01452 59462 | 16 
45 40586 98545 42041 57958 ©1455 59414 | 
46 | 40634 | 98541 42093 $7907 01459 59366 1 
47 40682 98538 42144 57856 01462 59318 | 13 
48 497 30 98535 42195 57805 01465 59270 | V 
| _49_|___49778 | 98531 | 42246 $7754 or46g | $922. 
| 50 | 9.4924 | 9.98528 | 9.42297 | 10, $7703 | 10.01472 |} 10. 59175 
| $1 4087 3 98525 42 348 $7652 01475 5917 
| $2 40921 98521 42 399 57601 01479 59079 
53 40968 98518 42450 57550 142 5993? 
| $54 41016 g8515 | 42501 57499 01485 58984 
$$ 41063 98511 42552 $7448 01489 58937 
56 41111 98508 42603 $7397 01492 58889 
| $7 41158 g8504 | 42653 $7347 01495 58642 
| $8 41205 98501 42704 57296 01499 58795 
' 59 | 41252 | 38408 | 42755 $7245 01502 $8748 
50 | 413090 | 98494 | 42805 $7195 | o1506 58700 
| Co-fine. | 8 Co-tang. | T Torfecant.| Secant, II 
| . o- ſine. ine. |--tang. | langent, | Co- ſecant.] Secant. I 
— — - 


7s Degrees, 


2 


and Secants. 14 Degrees, 7. 


Tarts V. Of ARTIFICIAL Sines, Tangents, and Secants. 15 Degrees 


1. Sine. | Co- ſine. Tangent; Co-tang. | Secant. Co- ſecant. 9 
Fo. "90:41 300 7 7 494 9. 42805 10. 57195 10. 01506 | 10. 58700 60 * 
11 41347 95451 42856 $7144 01599 58653 | 59 1 
;-1 $1294 98438 42906 57094 01512 58606 | 58 . 
; | a144l | 987% | 42957 57043 1516 $8559 72 1 
a 44 488 98481 43007 56993 01519 58512 | 56 AJ 
c 41535 98477 43057 56943 01523 58465 | 55 N 
6 41582 98474 43108 56892 01526 58418 54 1 
= 41628 98471 43158 56842 1529 58372 |. 53 1 
: 41675 98467 43298 56792 O1533 58325 | 52 Wy | 
qizzz | 98464 | 43258 36742 or5z36 [38228 | 51 14 
10 9. 4768 98 | 9.43308 | 10. 5669210. 01540 10. 582 3250 1 
n | 4i815 98457 43358 56642 01543 58185 | 49 1 
12 41861 98453 4 3498 56592 o1547 58138 48 1 
13 41908 95450 43455 56542 01550 58092 | 47 | 1. 
14 41954 98447 43598 56492 1553 58046 46 1 
43200 98443 -| 4355 56442 O1557 57999 | 45 1 
16 42047 98440 43607 56393 ©1500 57953 | 44 14 
[17 | 42093 984 36 43657 56343 01564 57907 | 43 WV 
18 42139 98433 43707 56293 01567 57860 | 42 
| 19 421%6 | 938429] 43756 56244 01571 $7814 | 41 
| 20 | 9.42232 | 9.98426 | 9.43806 | 10. 56194 | 10.01574 | 10.57768 | 40 
jan 42275 98422 43855 $6145 o1578 $7722 | 39 
| 22 42324 98419 43905 56095 01581 57676 38 4 
23 42370 98415 43954 56046 01584 57630 | 37 
| 24 424i6 98412 44004 55996 | org8s% 57584 36 
25 42461 98409 44053 55947 01591 57538 | 35 
| 26 42507 98405 44102 55898 o1595 57493 | 34 
27 42553 98402 44151 55848 01598 57447 | 33 
28 42599 98398 44201 $5799 01602 $7401 32 
2g 42644 9% 395 44250 $5750 01605 | 57356 | 31 
30 | 9. 42690 98391 . 44299 10. 55701 | 10. 01609 10. 57310 | 30 
142735 98388 44348 55652 01612 57265 | 29 
32 42781 | 98 384 44397 55603 01616 57219 28 
33 42826 98381 44446 55554 01619 57174 | 27 | 
26 34 | 42872 98377 44495 55505 01623 57128 | 26 | 
25 3 | 42917 98373 44544 55456 01626 57083 | 25 
4 36 | 42962 98370 44592 55408 01630 57038 | 24 |} 
23 7 43007 98366 44041 55359 01634 56993 | 23 
3] 43053 98363 44690 55310 o1637 56947 | 22 || 
1 39 ]___ 43998 98359 447 38 55262 2641 56902 21 | 
9. 43143 | 9.98356 - 44787 | 10. 5521310. 01644 | 10. 56857 20 
43188 98352 44836 55164 01648 56812 19 
43233 98 349 44584 55116 01651 56767 [18 
43278 98345 44933 55067 01655 56722 17 
43323 98342 44981 55019 01658 56677 16 
43367 | 98338 45029 54971 O1662 $6632 15 
43412 98334 45078 54922 01666 56588 14 
43457 98331 45126 54874 01669 56543 | 13 | 
43502 98327 45174 54826 01673 56498 | 12 
43546 98324 | 45222 54778 01676 56454 | 11 1 
9.43591 | 9.98320 | 9.45271 | 10. 54729 | 10.01680 | 10. 56409 10 | 
43635 98317 45319 54681 1683 56365 9 
43050 98313 45367 54633 01687 $6320 8 
43724 9$ 309 45415 54585 01691 56276 FI 
43769 98306 45463 $4537 01694 $6231 6 
43313 98302 45511 54489 01698 56187 5 
43557 98299 45559 54441 01701 56143 | 4 
43901 | 98295 | 45606 54394 01705 $6099 | 3 | 
43946 98291 45654 54346 01709 56054 2 
43990 | 98288 45702 54298 01712 56010 I 
44034 98284 | 45750 542 50 01716 55966 © 
| Co-ſine, | Sine. | Co-tang. | Tangent. [Co- ſecant. Secant. | M. 
* CELLS CES SCAN i — — ———— 8 
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NM. Sine. Co- ſine. Tangent.] Co-tang.] Sccant. [Co, ſecant. | 
o | 9. 44934 | 9.98284 | 9.45759 | 10.54259 | 19.01716 | 10. 55966 | | 
I 44078 98281 45797 54203 01719 $5922 | 59 
2 44122 98277 45845 54155 01723 $5878 | ;8 | 
3 44166 98273 45892 54108 Ol 727 $5834 | 57 
4 44210 95270 45949 $4060 01730 55799 | 56 | 
5 44253 93206 45987 | $4913 01734 55746 | 5; | 
6 44297 98262 46035 53965 o1738 $5703 | $4 | 
7 44 341 98259 46082 53918 01741 $5659 | 53 | 
8 44385 98255 46130 53870 01745 $5615 | 2 | 
9 44425 | 95251 46172 53823 | . 01749 | 55572 | x1 
10 | 9.44472 | 9.98248 | 9.46224 | 10. 53776 10.7362 10.55528 | 56") 
11 44515 982 44 46271 53728 01756 $54%4 | 49 | 
12 44559 98240 46319 53681 01760 $5441 | 48 | 
13 44602 982 37 46366 53034 21763 $5397 | 41 
14 44046 98233 40413 53587 81767 $5354 | 46 
rs 44689 98229 46460 $3540 17 % $5307: 6 
16 44733 95226 46507 53493 01774 $5267 | 44 
17 44776 95222 40554 5344 01778 $5224 | 43 
18 44819 98218 46601 $3399 01782 $5181 | 4 
10 44562 98215 46648 | $3352 |__ori785 | 55138 | 
20 9. 44993 . 98211 9 46694 | 10. 53306 10, 01789 10. 55095 wy 
21 44948 93207 46741 53259 01793 $5051 | yg 
22 44991 98203 46788 53212 ©1796 55008 | 38 
23 45935 98200 46835 $3165 01800 54965 | 37 
24 45077 98196 46881 53119 01804 54923 | 36 
25 45120 98192 46928 53072 01808 54880 | 5 
26 45163 98189 46975 53025 01811 54837 | 14 
27 45206 98135 47021 52979 01815 54794 | 33 
28 45249 98181 47068 52932 01819 $4751 | 32 
29 45292 98177 47114 52886 01823 54708 | yi 
39 | 9.45334 98174 | 9.47160 | 10. 52840 | 10.01826 | 10.54666 | p 
31 45377 98170 47207 52793 01830 54624 | 29 
32 45419 98166 47253 $2747 01834 54581 | 28 
33 45462 98162 47299 52701 01838 $4538 | 27 
34 45504 98159 47346 52654 01841 $4496 | 26 
35 45547 98155 47392 52608 o1845 $4453 | 35 
36 45589 98151 47438 52562 01849 54411 | 24 
37 45032 98147 47434 52516 01853 54368 | 23 
38 45674 981 44 47539 52470 01856 54326 | 22 
39 45716 | g8140 4757 52424 1860 54284 | 21 32 
40 9.45758 . 98136 | 9.47622 10. 52378 10. 01864 | 10.5324? | 2 40 
41 45801 981 32 47668 52332 o1868 $3199 | 19 41 
42 45843 98128 47714 52286 01871 $3157 | 1 42 
43 45885 98125 47760 52240 01875 53115 | 1 43 
44 45927 98121 47806 52194 01879 53073 | 16 44 
45 45969 98117 47852 52148 o1883 53031 | 1 45 
46 46011 98113 47897 52102 01887 53989 | 4 46 
47 46053 98109 47943 52057 o1890 53947 | 9 47 
43 46095 98106 47989 52011 01894 53905 f 48 
49 46136 98102 48034 51965 01898 — | ®R 
50 [9.46178 9 980989. 48080 | 10. 5920 10. 01902 | 10. To. 5877 50 
51 46220 |, 98094 48126 $1874 01906 53750 | 9 51 
52 46262 98090 48171 51829 01919 $3738 | 52 
53 46303 98087 48217 51783 01913 53697 
54 46345 98083 48262 51738 O1917 53655 
- $$ 46386 98079 48 307 51692 o1921 $3614 | 3 
56 46428 98075 48353 51647 01925 53572 | ? 
57 46469 98071 48398 51602 01929 5353 
58 46511 98067 48443 51557 01933 53459 | 
| 59 46552 98063 48489 51511 01937 53445 | 
46594 98960 485 E. 51466 01940 | 53496 
12 | Sine, Co- tang + | Tangent. Co-ſecant.| Secant. U 


TABLE V. Of Ax TITier A Sines, Tangents, and Secants. 16 Degrert 
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Tang V. Of ARTIFICIAL Sines, Tangents, and Secants. 17 Degrees. 


—— 


: * — 
M.] dne. Co-ſine. Tangent. Co-tang. | Secant. Co- ſecant. 
20 6 40593 9.980609. 4853410. 51466 10. 01940 10. 53406 | 60 
11 98056 45579 $1421 01944 $3365 | 59 
2 46676 98052 48624 51376 01948 $3324 | 58 
3 46717 98048 48669 $1331 01952 53283 57 
4 46758 98044 48714 51286 01956 $3241 56 | 
$ 46800 98040 48759 51241 01960 53200 55 
6 46541 98036 45504 51196 1964 $3159 | 54 
7 40882 98032 48849 51151 01968 $3118 42 i 
8 | 469:3 | y8029 | 48894 | 51106 01971 5507 | 52 | 
eee 
J io | 9:47995 | 999021 | 9.48984 | 10.51016 | 10.01979 | 10. 52995 | 5o || 
1 | 47045 98017 49929 5097 1 01983 52954 | 49 | 
12 470 9501 3 49073 50927 01987 52914 | 48 
13 47127 98009 49118 50882 01991 52873 47 Nj 
14 47168 98005 49163 50837 01995 52832 46 
15 47209 98001 49207 50793 01999 5279145 
| 16 | 47249 | 979997 | 49252 50748 02003 $2751 | 44 | 
| 17 47299 7993 49:96 $0793 02907 52710 | 43 
| 18 47339 97989 49341 50659 02010 52670 | 42 | 
| 19 47371 97986 49355 50614 2014 52629 | 41 | 
20 | 9.47411 | 9.97982 | 9.49430 | 10.50570 | 10,02018 | 10, 52588 40 | 
ö | 21 47452 97978 49474 50526 02022 52548 | 39 | 
| 22 47492 97974 49519 50481 02026 52508 | 38 
| | 23 47533 97970 49563 50437 02030 $2407 | 37 
6 | 24 47573 97966 49607 50393 2034 $2427 | 36 
x 25 47613 97962 49651 50345 02038 52387 35 
4 26 47654 97958 49696 50304 02042 $2340 | 34 | 
| 27 47694 97954 49740 502650 02046 52 306 33 
2 28 47714 97950 49784 50216 02050 522066 23-3 
1 WY (|_22_|__ 47774 227946 49828 50172 r 
30 39 9.47814 9.97942 9. 4987210. 50128 | 10,02058 | 10.52186 | 30 
29 31 47554 97938 49916 50084 02062 52146 | 29 
23 32 47894 97934 49960 50040 02066 52106 28 
27 33 47934 97930 50004 49996 02070 52066 [27 {| 
26 34 47974 97926 50048 49952 0207 4 52026 | 26 | 
25 35 48014 97922 50092 49908 02078 51986 25 
24 36 48054 97918 50136 498 02052 $1946 |] 24 
23 37 48094 97914 50180 49820 | 02086 51906 | 2; 
21 z5 48133 97910 50223 49776 02090 51867 | 22 | 1 
enn | 97996 50267 49733 02094 Sifbz7 J 21 | 1 
" 10 ] 9-45213 | 9.97902 | g.50211 10. 49689 | 10.02098 | 10.51787 | 20 | 1 
10 41 48252 97898 50355 49645 02102 51747 3; i 
10 42 48292 97894 30 398 49602 02106 51708 18 x 4 
17 43 48332 97890 50442 49558 02110 51668 171 2 
16 44 438371 97886 50485 49515 02114 51629 16 | 4 1 
1 5 48411 97882 50529 49471 02118 51589 | 15 | 9 
14 46 48450 97878 50572 49425 O2122 51550 14 q 4 
13 47 48489 97874 50616 49384 02126 51510 | 13 1 
1 45] 48529 97870 50659 49341 02130 $1471 | 12 s- 
I . 48568 97866 50703 49297 02134 51432 1 1 f 
, T9 | 9: 48607 | 9.97861 | 9.50746 | 10. 49254 | 10.02139 | 10.51392 | 10 | # 
51 48647 97857 50789 49211 ©2143 51353 9 [ : 
52 48686 97853 50833 49167 02147 51314 8 | 1 
f 33 48725 97849 50876 49124 O2151 51275 1. f 4. 
k | * Ws 
4 48764 97845 50919 49081 | 02155 51236 6 } 1 
b _ 48803 97841 50962 49038 02159 | 51197 3 7 1 l 
q 50 | 48842 | 978 37 51005 48995 802163 51158 4 | nn 
, 8 48881 97833 51048 48951 02167 51119 3 | : 8 
| $ 4%920 97829 51092 48908 02171 51080 24 9 
9 48959 97825 51135 48865 02175 51041 I 4 
22 97821 51178 48822 TP 1 8 1 
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TABLE V. Of ARTIFICIAL Sines, Tangents 


— — — — | — 
M. ] Sine. { Co-ſinc. Tangent. Co- tang. Secant, Co- ſecant. | 
| o | 9.48998 | 9.97821 | 9.51178 10. 48822 | 10. 02179 | 10. 51002 | G5! 
I 490 37 97817 $1221 48779 02183 50963 59 | 
| 2 49976 97812 $1264 487 36 02188 50924 | 53 
3 49115 97808 $1 306 48694 02192 50885 [37 
| 4 49153 97804 $1349 48651 02196 50847 | 56 | 
| $ 49192 97800 $1392 48608 02200 $0808 55 
| 6 | 49231 | 97796 | $1435 4850s 02204 $0769 | ;, 
| 7 49269 97792 $1478 48522 02208 807313 
8 49308 97788 51520 48480 02212 | $0692 | 
| 9 | 49347 97784 51563 _ 43437 [22216 $0653 | 51 
10 | 9.49385 | 9.97779 | 9+ 51606 | 10. 48394 | 10.02221 | 10.50615 [7 
| 13 49424 97775 51648 48352 0225 | $0576 | yg | 
| 12 49462 97771 $1691 48309 02229 50538 48 | 
Wi 49500 97767 $1734 48266 02233 $0500 | 1 | 
| 14 | 49539 | 97763 | 51776 48224 02237 50461 | 46 
| 15 49577 97759 51849 48181 02241 $0423 | 4x 
16 49615 97754 $1861 48139 02246 50385 | 44 | 
| 17 ] 49554 97750 51903 4809 02250 50346 | 43 
| 18 | 4y692 97746 51946 48054 02254 $0308 | 4 
1 19 497 30 97742 | $1988 48012 __- 03298 30270 | 
| 20 | 9.49768 | 9.97738 | 9. 52031 10. 47969 10. 02262 | 10. 50232 7 
| 21 49806 97733 520973 47927 02266 50194 | yg 
22 4 (490844 97729 $2115 47885 2271 5015638 
1231 49882 | 97225 | 62157 47843 0227 50118 | 37 
24 49920 97721 $2200 47 800 02279 50080 | 3x6 | 
| 2 49958 97747 $2242 47758 02283 50042 | 35 | 
26 J 49996 97713 52284 47716 02287 50004 | 34 | 
27 $0034 977058 52 326 47674 02292 49966 33 
28 $0072 97704 52368 47632 02296 49928 | 32 
| 29 50110 97700 $2410 | 47590 | 02300 49890 | 31 | 
| 39 o 9-59148 | 9.97696 | 9.52452 | 10.47548 | 10.02304 | 10.4982 3% 
J 31 50185 976591 52494 47506 | 622309 498153 | 29 | 
| 32 $0223 97687 52536 47464 02313 49777 | 28 | 
33 $0261 9768z 52578 47422 ©2317 49739 | 27 | 
34 50298 97679 52620 47 380 O2 321 49702 | 26 | 
| 35 50336 97674 52661 47339 02 326 49664 | 25 | 
36 $0373 97670 52703 4/1297 02330 49626 | 24 | 
| 37 3} 50411 97666 | 52745 47255 02334 | 49589 | 23 | 
38 50448 97662 52787 47213 oꝛ 338 49551 | 22 | 
—2 50486 | 97657 52829 $7171 J 02343 49314 1 22:3 
40 | 9. 50523 | 9.97653 | 9. 52870 1. 47130 | 10.02347 . 49477 | 20 | 
| 41 | 50561 97649 52912 47088 O2 351 49439 | 19 
1 50598 97645 52953 47047 ©2385 49492 | 18 | 
| 43 | $0635 97640 52995 47095 02 360 49365 | 17 
| 44 | 50673 97636 53037 46963 02 364 49327 | 16 
| 4s | - conro | 97632 33078 46922 02 368 49290 | 15 | 
46 50747 97627 53320 46880 ©2372 49253 | 14 
| 47 | $0784 97623 53161 46839 2377 49210 | 1} 
| 48 50821 97619 53202 46797 02381 49179 ] 
2 03858 [ 97615 $3244 [ 46756 | ozz85 | 49142 | it 
50 | 9. 50896 | 9.97610 | 9.53285 | 10.46715 | 10.02390 | 10.49104 
| 57 | 52933 97606 53327 46673 02 394 49067 
52 50970 | 97602 | 53368 46632 02 398 
| 53 | $4006 | 97597 53499 46591 02403 
541 51043 97593 53450 46550 02407 
| 55 54080 97539 53492 46308 O2411 
56 51117 97584 53533 46467 02416 
57 51154 97580 53574 46426 02420 
58 51191 | 97576 53615 46385 02424 
59 $1227 97571 53656 46344 02429 
60 51264 97567 5 3697 46303 02433 
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Tart V. Of ARTIFICIAL Sines, Tangents, and Secants. rg Degrees- 
— — 


— — r ——-V— 
M.] Sine. Co- ſine. T angent. Go-tang. | Secant. | Co-ſecant. | 
rants e „ — — — N 
| 9.51264 | 9.97567 | 9.53697 10. 4630310. 02433 10. 48736 6% 
1 51301 97563 53738 46262 02437 43699 | 59 , 
2 $1337 {| 97558 53779 46221 02442 48662 | 58 
3 $1374 97554 53829 46189 02446 48626 57 
4 $1411 97550 53861 46739 02450 4858g | 56 
5 $1447 97545 5 3902 46098 07455 48553 J 55S 
6 51484 9754! 53943 46057 ©2459 | 48316 | $4 
7 51520 97536 53984 46016 02464 48480 | 53 
$ $1557 97532 54023 45975 02468 458443 | $52? 
Lg | $1993} 92838 54065 45935 |___ ©2472 | 48407 Þ 51 
| 10 | 9. 51629 | 9.975423 | 9.54106 10. 45894 | 16. 02477 10. 48371 Þ 50 
1m | $1666 97519 54147 45853 024% | 48334 | 49 
| 12 | $1702 97514 54187 45813 024%5 | 48298 | 48 
| 13 51738 97 540 54228 45772 02490 | 48262 | 47 
| 14 $1774 97506 54269 45731 02494 43226 } 46 | 
| 15 51811 97501 54309 45691 02 499 48199 45 | 
16 31847 97497 54359 459509 02503 458153 } 44 ll 
17 51883 97492 54390 45610 OzZ508 48117 | 43. 158 
18 51919 97488 54431 45569 O2512 48081 | 42 Wl. 
ug 1955 97484 54471 45529 | 22516 [ 4804g | 41 1 
20 | 9- 51991 | 9.97479 | 9.54512 10. 45488 | 10.02521 | 10. 48009 | 40 ; | 
21 52027 97475 54552 45448 02525 47973 J 39 18 
| 22 $2063 97470 54593 45407 ©2530 47937 | 38 " 
| 23 52099 97466 54633 45367 02534 47901 (37 F 
| 24 $2135 97461 $4673 4.5326 02539 7865 | 36 | 
6 | 25 $2171 97457 $4714 45286 02543 47829 | 35 i 
| 26 $2207 97452 54754 45246 92547 47793 | 34 
1 27 $2242 97445 54794 45206 ©2552 47758 | 33 
4 28 $2278 97444 54835 45165 02556 47722 | 32 
— 29 | __ 52314 97439 54875 45125 ©2561 | 47686 | 31 
\ ll * | 952350 | 9:97435 . 54515 | 10.4508; | 10.0256; | 10.47650 | 30 
5 zl 52385 97430 $4955 45945 02570 47615 } 29 
1 32 $2421 97426 $4995 45005 82574 47579 28 | 
6 33 $2456 97421 55035 47965 02579 47544 |} 27 
; 34 $2492 97417 55075 44925 02583 47508 J 26 
of 35] 52527 97412 $5315 4455 02588 47473 | 25 
bl 36 | $2563 | 97408 $5155 44845 02 592 47437 |] 24 
oy 37 52598 97403 55195 44505 02597 47402 23 
* 38 52634 97399 55235 44765 02601 47366 | 22 
— 3 | $2669 | 927394 | 55275 44725 02696 47331 | 21 
19 | 49 | 9. 52705 | 9.97390 | 9 55315 | 10. 44685 | 10.02610 | 10,47295 20 1 
N 1274] 97385 $5355 44645 02615 47260 | 19 1 
1" 42 $2775 97381 $5295 44605 02619 47225 18 4 4 
16 258170 97376 $5434 44566 ©2624 47189 | 17 of 
1h 44 | $2546 97 372 55474 44526 ©2628 47154 | 16 > 
14 1 $2581 97 367 55514 44456 02633 47119 15 4 1 
13 . 52916 97 362 $5554 44446 02637 47084 | 14 i 
12 8 52951 97358 55593 44497 | 02642 47049 | 13 if 
7 | 52936 | 97353 55633 44367 02647 | 47014 12 Ni 
——_—|_5:'_|__ 97349 $5673 | 44327 [ 2651 46979 | 11 |} 1 
9 | 0 | 9.53956 | 9.97344 9.55712 10. 44288 | 10. 02656 10. 46944 | 10 1 | 1 
; | | 53991. | 9734 $5752 44248 02660 46908 | 9 |} = 
, 2 4 - $3126 97335 55791 44209 02665 46873] 8B || 1 
6 3] $3i6t | 97331 $5831 44769 0669 46839 | 7 | 8 
4 | 53196 97326 55870 441 39 0267 4 46804 | 6 | Mi 
4 | 4 $3231 | 97322 55910 44090 02678 46769 5 1 1 
OO 97317 $5949 44051 02683 | 46734 | 4 | 1 
6 33301 97312 55989 44011 02688 46699 3 | £ 4 
33336 97308 56028 43972 02692 46664 2 1 1 
oY | 53370 | 97303 | 56967 43933 02097 46639 | 1 || 1 
T9725 | 56107 41893 | 02701 46595 „ '1 
Co-tne, | dine. | Co-tang.|'langent. [Co- ſecant.] Secant. INM. | | 
KI — == CEC. 
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TABLxE V. Of Ax TrrIeIAL Sines, Tangents, and Seca 
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FF he 4 2 ” — _ 
NM. | Sine. | Co-fine. Tangent.] Co-tang. | Secant. |Co-lecant, | 
—_ — — CO RY tO, YE Cn 1 
o | 9.53495 9.97299 | 9.56107 10. 4389310. 0 | 10.4659; [05 
1 53440 97294 56146 43854 02706 46360 | 59 | 
2 $3475 97289 56185 43815 0271¹ 46525 [ 55 , 
3 53599 97285 56224 43776 02715 46491 [57 | 
4 53544 97280 56264 4373 02720 46436 | 56 
5 53578 97275 56303 43097 02724 46422 | 5; 
6 $3013 97271 $6342 43658 02729 46387 | 54 6 
7 1 $3547 | 97266 56381 43619 02734 46353] 5; 7 
8 5 3682 97262 56420 43380 02738 46318 | 52 8 
o | _$537:6 | 97257 56459 | 43541 22241 |__ 462K | 5 9 
19 9.33751 9.97252 9. 56498 | 10. 43502 10. 02748 10. 46249 7 10 
11 53785 97248 | 56537 43403 02752 46215 | 4g 11 
12 53819 97243 $6576 43424 02757 46181 | 43 | 12 
13 538 54 97238 56615 43385 02762 46146 [47 13 
14 53888 97234 56654 433406 02766 46112 | 46 14 
15 53922 97229 56693 43397 02771 46078 | 4; l5 
16 53957 97224 $6732 43265 | 02776 46043 | 4, i '6 
17 53991 97220 $6771 43229 02780 460 | 4; | W 
18 54025 97215 56810 43190 02785 45975 h 
ig | 54059 97210 56849 3151 02789 45941 4 2. 
20 9. 54093 [9.972006 | g. 56887 10. 43113] 10. 02794 10. 45909 | 40 | 20 
21 $4127 97201 56926 43074 02799 45573 | yg 
22 54161 97196 56965 43935 02804 45339 | 3 
23 $4195 97192 | 57004 42996 02808 45805 [37 
24 54229 97187 57042 42958 O2 813 457713 
25 54263 97182 57081 42919 02818 45737 | 35 
26 54297 97178 57120 42880 O2 822 45703 | 34 
27 54331 97173 | $7158 42842 02827 45% | ; WWF” 
28 $4365 97168 57197 42803 02832 45635 [* 28 
29 $4399 | 97163 $7235 42765 | 02837 | 45601 ( 
30 9. 54432 | 9.97159 9.57274 | 10.42726 10. 02841 10. 45567 | 30 zo 
31 54466 97154 $7312 42688 02846 45534 | 29 Jl 
33 545090 97149 $7351 42649 o2851 45500 | 28 J 
33 54534 97145 57389 42611 2855 45466 |] 27 3] 
34 54567 97140 57428 42572 | 2860 45433 | 26 a 
35 54601 97135 57466 42534 o 855 45399 | 25 - 
36 54635 97130 57504 42496 02870 45355 | 24 WY” 
37 54668 | g7126 | 57543 42457 02874 4332 [3 WW; 
38 54702 97121 $7581 42415 02879 45298 | 2: WF? 
39 $4735 97116 57619 42381 02884 1415265 (U 9 bs 
40 9. $4769 | 9.97111 | 9.57658 | 10. 42342 | 10. 02889 10. 45231 | 20 a | 
41 54802 97106 57696 42 304 02893 45198 | 19 a 
42 54836 97102 57734 42266 02898 45164 | 15 (3 
43 54869 97097 $7772 42228 02903 | 45131 | 77 0 
44 54903 97092 57810 42190 02908 45097 16 6 
4564936 9707 | 57849 | 44457 02913 15⁰⁰ſ ' Ws 
46 54969 97083 57889 42113 02917 45031 
47 55003 97078 57925 42075 02922 44997 | 13 6 
48 55036 97073 57963 42037 02927 44964 | n 
_49 | 5559 | 97068 58001 41999 02932 | 4493) * 
50 | 9.55102 | 9.97063 | 9.58039 10. 41961 10. 02937 1044895 1 
51 53136 | 97059 58077 41923 02941 44364 | 
52 55169 97054 58115 41885 02946 44831 
53 55202 97049 58153 41847 02951 44798 | f 
54 55235 97044 58191 41809 02956 44765 
35 55268 97039 58229 41771 02961 44732 5 
55 55301 [ 97034 58267 41733 o2965 | 44699] * 
57 55334] 97030 58304 41696 02970 44666 , 
58 55367 [ 97025 58342 41658 02975 44633] * 
59 55400 , 97020 58380 41620 ozg8& | 44600 ; 
60 $5433 97015 58418 | 41582 02985 44567 
Sine. | Co-tang. [1 angent, |Co-ſecant. | Secunt. * 


TazLE V. Of ArTIFIciAL Sines, Tangents, and Secants, 21 Degrees. 


WA 


— — 


- — 


— 


222 


— 
r 


— © 


d- - 


1 


M.] Sine. Co- ſine. Tangent. Co-tang. | Secant. Co- ſecant. 
— 9. 55433 9.97015 | 9.58418 10. 41582 | 10. 02985 10. 44567 | 60 
1 55466 97010 58455 41545 02990 44534 | 59 
2 | $5499 97005 58493 41507 02995 44501 58 
31 $5534 97001 58531 41469 02999 444058 | 57 
4 | 55564 96996 58369 41431 03004 44436 | 56 
s | $5597 96991 58606 41 394 o oog 44493 | 55 
6 | 55639 | 96986 | $8644 | 41356 3014 44379 | 54 
1 | 55663 96981 58681 | 41319 03019 44337 | 53 
8 | 55695 96976 58719 41281 03024 44395 | 52 
g | $5728 |__ 96971 $8757_|___41243 |___ 03029 1472 | 81 
7 | 9.55761 | 9.96966 | 9.58794 10. 41206 10. 03034 10.44239 | 50 
[ 55793 96962 58832 41168 03038 44207 | 49 | 
55826 96957 58869 41131 03043 44174 | 48 
55858 96952 58907 41093 030485 44142 | 47 
55891 96947 58944 41056 03053 44109 | 46 
55923 | 96942 58981 41019 03058 44977 | 45 
55956 96937 59019 49981 03963 44944 | 44 
55988 969 32 59056 49944 03068 44012 | 43 
5602 1 96927 59094 40906 03073 43979 | 42 
36053 96922 | 59131 40869 03078 43947 | 41 
5608 | 9- 96917 | 9.59168 10. 40832 10. 03083 | 10.43914 | 40 
56118 96912 59205 40795 o 3088 43882 39 
56150 96907 59243 49757 03093 43550 | 38 
36182 96903 59280 | 40720 03097 43518 | 37 
56215 96898 59317 40683 03102 437385 f 36 
56247 96893 59354 49646 ©3107 43753 | 35 
56279 96888 59391 40609 03112 43721 34 
$6311 96883 59429 40571 3117 4368933 
56343 96878 59466 40534 3122 43657 | 32 
| $6375 9687z |___ 59503 49497 03127 43025 | 31 
9. 56408 | 9.96868 | 9. 59540 | 10. 40400 | 10.03132 | 10. 43592 30 
56440 9686 3 $9577 40423 ©3137 43560 | 29 
56472 96858 59614 40386 03142 43528 | 28 
56504 96853 59651 40349 03147 43496 | 27 
56536 96848 59688 40312 03152 43464 [26 
56568 96843 59725 40275 03157 43432 | 25 
56599 96838 59762 40238 03162 43490 | 24 
56631 96833 $9799 40201 03167 43309 | 23 
56663 96828 59835 40165 03172 43337 | 22 
56695 96823 59872 4500128 03177 43305 21 
9. 56727 9. 96818 9. 59909 10, 40091 | 10. 0318210. 43273 | 20 
56759 96813 59946 40054 03187 43241 | 19 
56790 96808 59983 40017 3192 43210 18 
56822 96803 60019 39981 03197 43178 17 
56854 96798 60056 39944 03202 43146 16 
56886 96793 6009 3 39907 03207 43114 | 15 
56917 96788 60¹ 30 39870 03212 43083 | 14 
56949 96783 60166 39834 03217 43051 13 
569 80 96778 60203 | 39797 03223 43020 | 12 
| 57012 96772 60240 _____ 39760 03228 42988 11 | 
9. 57944 | 9.96767 | 9.60276 | 10. 39724 | 10.03232 | 10.42956 | 10 
57075 96762 60313 39687 0 3238 42925 9 
57107 96757 60349 39651 03243 42893 8 
$7138 96752 60386 39614 03248 42862 7 |] 
57169 96747 60422 39578 03253 42830 6 || 
57201 96742 60459 39541 03258 42790 $68 
$72 32 967 37 60495 39595 3263 42768 4+ |} 
$7264 967 32 60 5 32 39468 03268 42736 3 
$7295 96727 60568 39432 03273 42705 2 
57326 96722 60605 39395 03278 42674 | 1 
57357 96717 60641 39359 03283 42642 | © 
— . K | 
| Co-fine. Sine, | Co-tang.| Tangent. | Co- ſecant.] Secant. $ 11, | 
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Os 68 Degrees. 
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TABLE V. Of AR TfTIciAL Sines, Tangents, and Secants, 22 Deg 


rees, 
— en — — Fae: — 
M.] Sine. | Co-fine. | Tangent. Co-tang. | Secant, | Co:ſſecant. 
0 | 9.57358 | 9.96717 | g. 00641 | 10. 39359 | 10.03283 | 10, 42642 | 7" 
1 5739 96711 60677 39323 03289 42611 
2 $7420 96706 60714 392 86 03294 | 42580 
3 $7451 96701 60750 39250 03299 42549 
4 57482 96696 60786 39214 03304 42518 
5 $7514 96691 60823 39177 03309 42486 
6 57545 96686 | 60859 39141 ©3314 42455 
7 $7576 99681 6087 39105 03319 42424 
8 57607 96676 609 31 30069 03324 42393 
9 | 57638 96670 60967 132033. 21330 42362 
10 | 9. 57669 96665 | 9.61004 10. 3899610. 03335 | 10. 4233 7 
11 . $7700 96660 61040 35960 03340 42 300 
12 57731 96655 61076 38924 03345 42269 
13 $7762 96650 G1112 38888 03350 42238 
14 57793 96645 61148 38852 03355 42207 
15 57824 96640 61184 38816 03360 42176 
16 57854 96634 61220 38780 03366 42145 
17 57885 96629 61256 38744 03371 42115 
18 57916 96624 61292 38708 03376 42084 
19 | 57947 96619 61328 38672 03381 | __ 42053 | 
20 | 9.57978 | 9.96614 | 9.61364 | 10. 38636 | 10.03386 10. 42022 [ 40 
21 58908 96608 61400 38600 03392 41992 
22 58039 9660 3 61436 38564 03397 4196 
23 58070 96598 61472 | 38528 ©3402 | 41930 
24 58100 96593 61508 38492 03407 41899 
25 $8131 96588 61544 38456 03412 41869 
26 58162 96582] 67579 38421 03418 41838s 
27 58192 96577 61615 38385 03423 41808 
28 58223 96572 61651 38349 03428 41777 
29 58253 96567 61687 | 38313 03433_ 41747 | Jl. 
30 | 9. 58284 | 9.96562 | 9.01722 | 10. 38278 | 10.03438 | 10.41716 
31 58314 96556 61758 38242 03444 41686 
32 58345 96551 61794 38206 ©3449 41655 
33 58375 96546 61830 38170 03454 41625 
34 58406 96541 61865 35135 03459 41594 
35 | $8436 96535 61901 38099 03465 41564 
36 58467 96530 61936 3806 } 03470 41533 
37 58497 96525 61972 38028 03475 41503 
38 58527 96520 62008 37992 ©3480 41473 
_39 |__5*557 |__96514 |__ 62043 | 37957 | 03486 | 41443 | 21 
40 9.58589 | 9.96509 | 9.62079 | 10. 37921 | 10,03491 | 10.41412 
41 58618 96504 62114 37886 03496 | 41382 
42 | 358648 96498 62150 37850 03502 41352 
43 58678 96493 62185 37815 03507 41 322 
44 58708 96488 62221 37779 03512 41291 
45 58739 96483 62256 37744 03517 41261 
46 58769 96477 62291 37708 03523 41231 
47 58799 96472 62327 37673 03528 41201 
48 58829 96467 62362 37638 03533 41171 
49 58859 96461 62 398 37602 ©3539 2 
50 | 9. 53889 | 9.96456 | 9.62433 | 10. 37567) 10. 03544 10. 41111 
517 58919 96451 62468 37532 03549 41081 
52 58949 96445 62504 37496 03555 41051 
53 58979 96440 62539 37461 ©3560 4031 
54 59 oog 96435 62574 37426 03565 40991 
55 $9039 | 96429 | 62609 37391 03571 40961 
56 59069 96424 62645 37355 03576 49931 
$7 59098 96419 62680 37320 03581 40902 
58 59128 96413 62715 37285 03587 49872 
59 | $9158 | g6408 | 62750 37250 03592 | 49842 
60 59188 96403 62785 37215 03597 40812 
| Co-fine, | Sine. | Co-tang. | Tangent. | C | 


— — 
—— eng 
. r 


* 4 1 


ä—NG— — — —ñää 


67 Degrees. 


— — IIL————— 
o- ſecant. Secant. 


— 


— 


TABLE V. Of arTIFICLAL Sines, Tangents, and Secants. 23 Degrees. 


; 


— ———— 1 8 
| Sine, | Co-fine, | Tangent.| Co-tang. | Secant, [Co-ſecant. 
19 9.59188 9.96403 |} 9.62735 10. 37215 10. 03597 10. 40512 "an 
5 59217 96397 62820 37180 0369 ; 40782 59 
2 59247 96 392 62855 37145 03606 49753 | 58 
3 59277 96386 62890 37110 03613 40723 57 
4 59307 96381 62926 37074 03619 40693 56 
51 59339 96376 62961 37039 03624 40664 | 55 
6 59360 96370 62996 37904 03630 40634 | 5; 
n 59396 96 364 63031 36969 03535 40604 53 
8 | 59425 96360 | 630966 36934 03640 49575 | 52 
| 9 | $945$_| $6354 | __ 03891 36899 | 233845 49545 | 51 
oY 9.59484 9.96349 9. 63135 | 10. 36865 10. 03651 10. 40516 50 
11 $9514 96343 63170 36830 03657 40486 49 
12 59543 96335 63205 36795 03662 42457 | 48 
T 59573 90333 63240 36760 03667 40427 | 47 
14 59602 96327 63275 36725 03673 40398 46 
15 596321 96322 63310 36690 03678 40368 45 
16 59661 96316 63345 36655 03684 49339 | 44 
17 59690 96311 63379 36620 o 3689 40310 43 
18 59720 96305 63414 36586 03695 40280 | 42 
9 | © 59749 96300 63449 [ 36551 03700 40251 | 41 
"426 9.59778 9. 96294 | 9. 63454 10. 36516 10. 03706 10. 40222 40 
21 59808 962 89 63519 36481 03711 40192 39 
22 $9837 96254 63553 36447 03716 40163 | 38 
23 59866 96278 63588 36412 03722 49134 | 37 
24 | 59895 96273 63623 36377 03727 40105 | 36 
25 | 59924 96267 63657 | 36343 03733 40076 | 35 
6 | 59954 96262 63692 | 36308 03738 40046 | 34 
27 | 59983 96256 63726 36274 03744 | 40017 | 33 
28 60012 96251 63761 362 39 03749 49988 | 32 
29 60041 96245 63796 36204 03755 |___ 49959 | 31 
30 | 9. 60070 | 9.96240 | 9.63830 | 10. 36170 10. 03760 | 10. 39930 | 30 
zl 60099 962 34 63865 36135 03766 39901 29 
32 60128 96229 63899 36101 03771 39872 28 
33 | 60157 | 96223 63934 36066 03777 39843 | 27 
34 60186 96218 63968 36032 03782 39814 | 26 
33 | 60215 96212 64003 35997 03788 | 39785 | 25 
36 | 60244 96207 64037 | 35963 03793 39756 | 24 
37 6027 3 96201 64072 35928 03798 39727 | 23 
38 60 302 96196 64106 35894 03804 39698 | 22 
39 60331 96190 64140 35860 | 03810 39069 | 21 
| o | 9.60359 | 9.96185 | 9.64175 | 10. 35825 | 10. 03815 | 10. 39641 | 20 
41 60388 96179 64209 35791 03821 39612 19 
| 42 | 60417 96174 64243 35757 03826 39583 | 18 
| 43 60446 96168 64278 35722 03832 39554 17 
| 44 60474 96162 64312 35688 03838 39525 16 
soße 96157 64346 35654 03843 39497 | 15 
| 46 | 60532 96151 64381 35619 03849 39468 | 14 
1.47 | Gog61 96146 64415 35585 03855 39439 | 13 
| 48 | 60589 96140 64449 35551 03860 39411 | 12 
| 49 |__ 60618 963 35 64483 35517 03866 23938211 
50 | 9. 60646 9.95129 | 9.64517 | 10. 3548310. 03871 | 10. 39353 | 10 
zi | 60675 96123 64552 3544 03877 39325 | 9 
52 | 60704 96118 64586 35414 03882 39296 8 
53 | 00732 96112 64620 35380 03888 39268 - 
54 | 60761 96107 64654 35346 03893 39239 | 6 
35 | 60789 96101 64688 35312 03899 39211 5 
56 60818 96095 64722 35278 03905 | 39182 4 
57 | 60846 | g60go | 64756 35244 03910 39154 | 3 
58 60874 96084 | 64790 35210 03916 39125 2 
59 | G60goz 96079 64824 35176 03921 39997 | 1 
bo | Gogzi 96073 | 64858 | 35142 03927 | 399699 | © 
©" Co-tine. | Sine. Co-tang. | Tangent. | Co-ſecant.| Secant, | M. 
— — — 
Os 2 66 Degrees, 
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TABLT V. Of arTIFICIAL Sines, Tangents, and Secant 


AS. 


| 
M. | Sine, | Co: ſine. Tangent. Co-tang, | Secant, | Co-ſecant. 
© | 9. 60931 | 9.96073 | 9. 64858 10. 35142 | 10.03927 | 10. 39069 | 60 
36h, 60960 96067 64892 35108 03933 39040 | gg | 
2 Gog88$ 96062 64926 35074 0 3038 39012 5 
3 63016 96056 64960 35040 03944 38984 | 55 | 
4 61045 96050 64994 35006 03950 35955 56 
5 61073 96045 63028 34972 03955 35927 | 55 | 
6 61101 960 39 65062 34938 03961 35899 54 
14 61129 96034 65096 34904 03966 38871 | 53 
8 | 61158 96028 65130 3487 © 03972 38842 | 52 
| 9 61186 9602 2 65164 3483 6of 03978 38814 | 1 
to | 9.61214 | 9.96017 | 9. 65197 10. 34803 | 10.0398; 10. 38786 38 
11 61242 96011 65231 34769 oz939g | 38738] % 
12 61270 96005 65265 | 34735 ©3995 38730 | 8 | 
13 61298 95999 65299 34701 04000 38702 | q7 
14 61326 | 95994 63333 34667 04006 38674 | 46 | 
115 61354 95988 | 65366 34634 ©4012 38646 | 45 
4 16 | 61382 | 95982 65400 34600 04018 358618 | 44 | 
| BJ 61411 95977 65434 34566 04023 | 33589] 4g} 
18 61438 95971 65467 34533 04029 | 38561 | 42 | 
ig |__61466 } 95965 | 65501 34499 |___o40z5 | 3854 [. 
20 | 9:61494 | 9.95960 | 9.65535 | 10. 34465 | 10.04040 | 19. 38506 | 40 
21 61522 95954 | 65568 34432 04046 38478 
22 61550 95948 63602 | 34398 04052 | 38450 
23 61578 95942 | 65636 | 34304 04058 38422 
24 61606 | 95937 65669 34331 04063 | 38394 
25 61634 | 95931 65703 | 34297 04069 38 366 
26 | - 61662 | g5925 3736 h 34264 04075 38338 
27 61689 [95920 65770 34230 o 480 38311 
28 61717 | +95914 65803 | 34197 04086 33283 
_29 61745 95908 G5837 |___ 34163 |___o40g2 | 38255 | 
39 9.61773 [995902 | 9.65870 10. 34130 | 10.04098 | 10. 38227 
31 61800 95896 65904 34096 4103 [38200 
32 61828 | 95891 65937 | 34063 94169 38172 
33 61856 958835 63971 34020 60415 FF 38144 
34 87327 | 95879 | G66oog 33996 04123 | 38117 
35 61911 95873 66038 33962 04127 38009 
36 61939 95868 } 66071 33929 04132 | 38661 
37 61966 95862 66104 33396 04138 38034 
38 61994 93856 | 66138 33862 04144 38006 
39 | 62021 93850 66171 33829 04150 37979 
49 | 9.62049 | 9.95844 | 9.66204 | 10. 33796 | 10,04156 | 10. 37951 
41 62076 95839 66238 33762 ©4161 37924 
42 62104 95833 } 66271 33729 04167 37896 
43 62131 95827 66304 33696 04173 | 37869 
44 62159 95821 66337 33663 04179 | 37%41 
45 62186 95815 66371 33629 04185 37814 
46 62214 95810 66404 33596 04190 | 37786 
47 62241 | g5804 | 66437 33563 04196 37759 
48 62268 95798 66470 33530 04202 [ 3773? 
_49_|__6:296 | 95792 | 6650; 33497 |___ogzo8 | 37794 
50 [9.52323 | 9.95786 | 9.66537 | 10. 33463 | 10,04214 | 10, 37677 
51 | 62350 95780 66550 | 33430 04220 | 37650 
52 | 62377 | 95775 | 66603 33397 04225 37623 
| $53 62405 95769 66636 33364 04231 37595 
54 | 62432 | 95763 | 66669 33331 04237 37568 
55 | 62459 95757 66702 33298 04243 37541 
56 | 62486 | 95751 667335 | 33265 04249 27577 
$7 255745 | 66768 33232 04255 37487 
58 |} © 62541 95739 65801 33199 04261 37459 
59 || 62568 95733 66834 33166 04267 37432 
_ bo 62595 95728 66867 33133 04272 37405 
{ Co- une, dine, | Co-tang. | Tangent, [Co-fecant, | Secant- 
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TABLE uf Of AaRrTIFiciAt Sines, 12 and Secants. 25 Degrees. 


—_ 


5 


M. | Line. _ | Co-line, Tangent. | _Co-tang. | Secant, Co-ſecant. 

g. 62595 [9.95728 | 9.66867 10. 33133 | 19.04272 | 10. 37405 | 6 
| = | | | op alfa 
62676 | 95540 22 1 ©4284 37351 58 
62703 95704 | 660 — | a. 2255 * 
62730 95698 6 oo | — 68 — 221. 
. 95692 pled 22 4 04302 37270 55 
5 93686 2 — 04308 37243 54 
678 G8 709 3222 ©4314 37216 | $3 
2811 95680 67131 32 869 0.320 37189 | $2 

62838 6 8 
. 2274 67163 32937 | 04326 37162 51 
9. "ny 8 | 9 110 tee 110 04334 10. 37135 50 
1 377 2 * 04337 37406 '] 49 
62945 95651 Goa , 245 oh 6 rey Ks 
62972 95645 ods . | 833 — 2 
/ 4 LE - 
2 ö 4m | 27909 | 142. | 04361 37001 | 45 
1 + 7393 e 39974 | 44 
4275 1 9 1 32574 04373 36948 , | 43 
'- Shins Rwy 6745 y2542 | ©4z79 | I6gat ] 42 
3 —— — 32509 ]___04385 | 36894 | 4t 
9.63 | 5 9- 67524 | 10. 32476 | 10.04391 | 19. 36867 | 46 
45115 vows 67556 32444 04 397 36841 4 39 
Slaiz 1 on — 9 ey | - 06093:j $9444 1 8 
ya — 4+ a 2 32 25 04409 26737 37 
61206 . 2235 | 32 34 | 24415 2 36 
822 | 95573 | 5% 3326] f | 36708 | 4 
63319 95367 | 675 2 2248 f 4 , 684 * 
63345 95561 PLS yo 2 277 | 1 — 
63372 ) 955355 | 67817 32183 Aer 36628 31 
—_ | 9. 49944 10. 32150 10. 04451 | 30. 36602 |} zo 
* —4 - 2 _ | 04457 36575 | 29 
23 —— 67915 32055 ©4463 36549 j 28 
63504 474 — 3 * _ * 
3 4 4 2 ns ©4475 | 36496 |] 26 
= = — | 3198 | 04481 36469 25 
61583 — 4 044 31956 | 04487 } 30443 | 24 
62878 — 2 2 | 84493 36417 | 23 
63636 | 2 31 4 , ©4500 36399 ] 22 
20 FI 62662 1 — tf FR | ———< oF 0 . 3934 E. 
19 | 41 2 9.95488 f 9.68174 | 10. 31826 | 10.04512 | 10. 36335 20 
3689 95452 68206 17 04518 63111 
"+ | $3715 { 95476 „ . s 
Il GB] 63741 95470 66271 ö 3 ue _ Pl ” 
—_— 1 | 7 31729 04530 36259 | 17 
m I $346k 7 2 31697 04536 36233 | 6 
14 46 63820 95 52 68 368 _ 8. —_— 
13 V 63846 * „ * 2 | 04545 goo [7 5s 
* 48 61872 f 5 2 31600 04554 360154 13 
1 | 49 63848 9544 9432 31568 | ©4560 « 36128 12 
* - 90 | 95434 68465 31535 |____ 04566 36102 11 
1 . 1 3 10. 31503 | 10.04573 | 10. 36076 | 10 
ny: | 6356 _ 0 34471 04579 36050 | 9 
. 954 oy 4 31439 04585 3602 8 
"ol + | 64028 ye pa + 4 31407 | 94591 35998 | 7 
„% | 95397 | 68658 ooh. 534 . 
n 56 64080 | * 31342 ©4003 | 35940 ] 5 
; $7 Cares $4 55 90 31310 oe 35920 4 
1 58 tg: 953 4 2 31278 04616 I 35894 3 
1 59 64138 9537 754 31246 | 04622 358 | 2 
0 bo 5 95372 68786 31214 04628 35842 | 1 

6418 

41 94 95366 68818 31182 04634 35816 0 
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TABLE V. Of art 
— ͤ —̃ —̃ —— 


IFICIAL Sines, Tangents, and Secants. 26 Degrees, 7. 


: es 
M. | Sine. | Co-line, | Tangent.] Co-tang.] Secant, Co-ſecant, 
O 9. 641849. 95360 9. 0881810. 31182 10. 04634 | 19, 35816 
I 64210 95 360 68850 31150 04640 3579 
2 642 36 95354 688 82 31118 04646 35764 
3 64262 95348 68914 31086 04652 35738 
4 64288 95341 68946 31054 04659 35712 
. 64313 95335 68978 31022 04665 35687 
6 64339 95329 69010 39990 04671 35661 
7 64365 95323 69042 3995 04677 35635 
8 64391 95317 69074 3092 04683 33699 
9 64417 95310 59106 | 30894 | 9469 | 3558; 
644429. 95304 | 9.09138 | 10. 30862 10. 04096 10. 35558 
64468 95298 69170 | 308 30 04702 35532 
6 1494 95292 69202 39795 04708 35506 
64519 95286 69234 30766 04714 35481 
64545 95279 69266 397 34 04721 35455 
64571 95273 69298 30702 04727 35429 
64596 95267 69329 39671 04733 35404 
64622 95261 69 361 39639 047 39 35378 
64647 95254 69393 39607 04746 35353 
64673 | 95248 | 69425 | 30575 04752 35327 
. 64698 . 95242 | 9. 69457 | 10. 30543 | 10.04758 | 10. 35392 
64724 95236 69488 39512 04764 35276 
64749 95229 69520 30480 04771 35251 
64775 95223 69552 39448 04777 35225 
64800 95217 69584 39416 04783 35200 
64826 95211 69615 30385 04789 35174 
64851 95204 69647 39353 04796 35149 
64877 95198 69679 39321 04802 35123 
64902 | 95192 69710 35290 04898 35098 
64927 95185 69742 | 30258 o4815 | 35973 | 
. 64953 | 9.95179 | 9.69774 | 10. 30226 | 10. 4821 | 10. 35047 
64978 95173 69805 30195 04827 35022 
65003 95167 69837 30163 04833 34997 
65029 95160 69868 301 32 04840 34971 
65054 95154 69900 39100 04546 34946 
65079 95148 69932 30068 04852 34921 
65104 95141 69963 30037 04859 34896 
65130 95135 69995 30003 04865 34870 
65155 95129 70026 29974 04871 34845 
65180 95122 70058 [ 29942 43878 34520 
. 65205 | 9.95116 | 9g. 70089 10. 29911 10. 04884 | 10. 34795 
65230 95110 70121 29879 04890 34770 
65255 95103 70152 | 29848 04897 34745 
65281 95097 70184 29816 04903 34719 
65305 95090 70215 29785 04910 34694 
65331 | 358084 70247 | 29753 04916 34609 
65356 95078 70278 29722 04922 34644 
65381“[ 95071 70 309 29691 492 34619 
65406 95065 70341 29659 04935 34594 
65431 95059 70372 22528 24941 [P3402 
9. 65456 | 9.95052 | 9.70404 10. 29596 10. 4948 | 10. 34544 
65481 95046 70435 29565 04954 | 3459 | ? 
65506 95039 70466 29534 04961 34494 
65531 95033 70498 29502 04967 34409 | | 
65556 | 95027 70529 29471 04973 34444 
65580 95020 20560 | 29440 04980 34420 
65605 95014 70592 29408 04986 34393 | # 
65630 | gg007 7062 3 29377 04993 34379 | } 
65655 95001 70654 29346 04999 34345 
65680 94994 70685 29315 05005 $69? 4-5 
65705 94988 70717 29283 05012 24295 7 
1 J . 7 P = — - : GE V. 
ICo-ſine. | Sine. | Co-tang. | Tangent. [Co- ſecant.] Secant ' 
= — — 8 
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TabrE V. Of AnTIFICIAL Sines, Tangents, and Secants. 27 Degrees. 


— — ——  __________q_—_— —____—__ 


— 


— — | 
| M. | Sine. Co- ſine. Tangent. Co-tang. | Secant. |Co-ſecant. 
. 9. 657039. 94980 9.70717 10. 29283 10. 05012 | 10. 34295 60 
a 65729 94982 70748 29252 5018 34271 | 59 
2 65754 94975 79779 29221 05025 34246 | 58 
3 65779 4909 70510 29190 05031 34221 | 57 
4 65 904 4962 70841 29159 05038 34196 | 56 
5 65828 94956 70873 29127 05044 | 34172 [55 
6 65853 9494 70994 29096 05051 34147 54 
7 65878 94943 70935 29065 05057 34122 | 53 
8 | 65902 94936 70966 29934 05064 34998 | 52 | 
g | 65927 | 94939 72997 29003 |. 053070. 34973 | 51 |. 
10 | 9.65952 | 9.94923 | 9.71028 | 10. 28972 | 10. 05077 | 10. 34048 5o | 
11 65976 94917 71059 28941 05083 34924 | 49 
12 66001 94910 71090 28910 05089 33999 | 48 | 
13 6602 5 94904 71121 28879 05096 33975 47 
14 66050 94898 71153 28847 05102 33959 | 46 | 
15 | 66075 | 94891 71184 28816 | oziog | 33925 | 45 | 
| 16 66099 94884 71215 28785 05115 33901 44 
| 17 66124 94878 71246 28754 © 55122 33870 | 43 | 
= 18 66148 948371 71277 28723 05129 3385242 
| 28 66173 94865 71308 28692 05135 33827 41 1 
a 20 | 9.66197 | 9.94858 | 9.71339 | 10.28661 | 10.05142 | 10. 33803 | 40 
1 21 66221 94852 71370 28630 05148 33779 | 39 
| 22 66246 94845 71401 28599 05155 33754 | 38 
1 23 66270 94839 71431 28568 ©5161 33739 | 37 
1 | 24 66295 94832 71462 28538 05168 33703 36 
i | 23 66319 94826 71493 28507 05174 33681 35 | 
3 26 66343 94819 71524 28476 05181 33957 | 34 | 
+ 27 66364| g4813 71555 28445 o5187 | 33632 | 33 
3 WR! 25 | 6639: 94806 | 71586 28414 05194 33608 | 32 
: 29 66416 94799 | 71617 28383 | 05201 33584 31 | 
| 39 | 9.66441 9.94793 f 9.71648 | 10. 28352 10, 05207 10. 33559 30 | 
31 66465 94786 71679 28321 05214 33535 29 | 
9 32 66489 94780 71709 28291 05220 33511 | 28 
33 66513 94773 71740 28260 05227 33487 | 27 
34} 66537 94767 7177 28229 05233 33463 | 26 |} 
35 66562 94760 71802 28198 05240 33438 25 
36 66586 94753 71833 28167 05247 33414 |] 24 
37 66610 94747 71863 28137 05253 33390 23 
33 66634 94740 71894 28106 05260 33366 | 22 
| j__ 66658 94734 |___ 71925 28075 | 05266 33342 | 21 
| 49 | 9.66682 9.94727 9.71955 | 10. 28045 | 10,05273 | 10. 33318 [20 
| 41 66706 94720 71986 28014 05280 33293 19 
[#2 | 667931 94714 72017 27983 05286 33269 | 18 
43 66755 94707 72048 27952 05293 33245 17 
44 66779 94700 72078 27922 o5 300 33221 16 
45 66803 94694 72109 27891 05 306 33197 15 
46 66827 94687 72140 27860 05313 33173 | 14 
12 66851 94680 72170 27830 05320 33149 | 13 
| 4 66875 94674 72201 27799 05326 33125 | 12 
|L2_|__66899 | 94667 72231 27769 | 05333 33101 | 11 || 
— B 9. 66922 | 9.94660 | 9g. 72262 | 10. 27738 | 10.05340 | 10.33078 10 
| 66946 | 94654 | 72293 27707 05346 33954 | 9 | 
55 66970 94647 72323 27678 05353 33939 | 8 || 
, re | C3994 | 94640 72354 27646 05360 33006 | 7 
6 55 2 8 94634 72384 27616 05 366 32982 6 
g 5492 94627 72415 | 27586 [285373 32958 | 5 | 
| bo 7066 94620 72445 | 27555 05350 32934 | 4 
; :; | 7999 | 94614 | 72476 27524 05386 32910 | 3 
; 79 22²2 94607 72506 27493 05393 32887 2 || 
8 7137 94600 72537 27463 05400 32863 | 1 
67161 | 94593 | 72567 27433 05497 | 32839 | © 
1% Conne. | Sine, | Co-tang. | Tangent. Co- ſecant.] Secant. | NI. | 
— . a 
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Tarr V. Of arTIFICIAL Sines, Tangents, and Secants. 28 Degreey 


o —ʒ—— — 


2 u ..-. 


— —— — 


— ere eee re ere eee eee IEC IIEIET Wc 


61 Degrees. : 


M. | Sine. | Co-ſine. Tangent.| Co-tang. Sccant. Co-ſheme. | 
tl o | 9.6716: | 9.94593 | 9- 72567 | 10.27433 | 10.05407 | 10. 32839 | 6 
1 67185 94387 { 72598 27402 | oO5413 | 32815 | 5g 
1 2 67208 | 945860 } 72628 7372 05420 32792 | 58 | 
\ 3 | 67232 | 94573 | 72659 27341 05427 32768 | 57 
t 4 | 67256 | 94567 | 72689 [ 27311 05433 | 32744] 56 
5 67280 945 72720 27280 05440 32720 | 55 
6 67393 | 94553 72750 27456 03447 32697 | 54 
11 67327 9454 72780 27220 55454 32673 | 53 
ö 8 67350 | 94540 72811 27189 05460 32659 $2 | 
12 67 374 04533 | 72842 | 27159 | 05467 | 32625 h 1 | 
+ 10 . 67398 4526 | 9.72872 | 10,27128 | 10.05474 | 19. 32602 | 56 
11 N — | ” ans 72902 | 27098 05481 32579 | 49 
12 67445 94513 72932 | 27068 05487 32355 | 48 | 
13 67468 94506 72963 27037 05494 32532 | 47 
14 67492 94499 72993 27007 05501 32508 | 46 
75 67515 94492 73023 | 26977 05508 32485 | 4 
1 16 67539 94485 73054 26946 335135 32461 | 44 
1 17 67562 24479 73084 26916 05521 32438 | 43 
1 18 67386 } 94472 | 73114 26886 05528 32414 | 42 
79 67699 94465 73144 | 26856 | 05535 | 32391 | 
| 20 . 676 $ | 9.73175 | 10, 26825 | 10.05542 | 10. 32367 | 46 
| 2b c 67656 bi $0451 7 3205 26795 | 05549 32344 | 39 
22 67680 94445 73235 26765 05555 32320 | 38 | 
2z | 67703 | 94438 | 73265 26733 | os | 324% fy 
24 | 67726 94431 73295 | 26705 | ©5569 32274 | 3? | 
25 | 67750 94424 | | 73326 | 26674 05576 32250 | 35 | 
4 26 | 67773 94417 73356 26644 05583 32227 | 4 | 
27 | 67796 94410 73386 26614 05590 | 32204 | 33 | 
1 28 67820 94404 73416 26584 055 32180 | 32 | 
. 29 67843 94397 73446 | 20554_ o5603 3212 | 3®' 
ö 67866 9. 94390 73476 10. 26524 10. 05610 10. 32134 3 
of | * 67890 94333 | 73597 | 26493 05617 2 
32 67913 | 94376 73537 26463 05624 | pet! | 
1 33 7936 | 94369 73567 26433 a - LY 
3+ þ 67959 | 94362 73597 [ 286403 0563 2 
| 35 | 67982 94355 73927 26373 05645 5 1 
36 68006 94349 73657 26343 03651 31994 | 24 
N 37 68029 94342 7 3687 26313 05658 31970 
38 68052 94335 73717 | 26283 05665 PR 1.8 
| 39 68075 94328 73747 L288 — 
| 40 68098 | 9.94321 7377710. 26223 1. 05679 10. 31902 
a ” 8121 94314 7 3307 26193 ©5686 31979 * 
42 68144 | 94307 73837 26163 05693 2222 * 
43 | 68167 | 94300 73867] 26133 | 05700 31833 J 
| 44 68190 94293 73897 26103] 05707 oe * 
| 45 68213 94286 73927 | 26073 | 95714 . 
+ 46 658237 94279 73957 26043 05721 30703 0 
47 68260 94273 73987 26013 05727 221 
| 43 68282 94266 74017 | 25983 05734 wo : 
| 40 | 68305 | 94259 |___74047 | 25953 | 05743 |___3 I 
i co | q.683a8 | 9.94252 9. 74077 | 10.25923 | 10.05746 | 10.3! 
| 52 68351 94245 74107 | 23893 05755 | 31649 ; 
5z | 68374 94233 | 74137 | 25363 05762 11603 
53 | 63397 942 31 74166 23833 05769 25886 = 
| 54 | 68420 | 94224 74196 | 25803 05776 nd F 
} 55 | 68443 | 94217 | 74226 25774 05783 22 
4 56 68466 94210 24256 25744 05790 2485 , 
157 68489 94203 74286 25714 05797 3 * 1 
4 58 68511 94196 74316 25684 05804 | 71466 4 
59 68534 94189 74345 25655 e5811 | 3 44 
60 68557 94182 74375 25625 5818 314 1 
I Co- ſine.] Sine. | Co-tang, | Tangent. | Co- ſecant. Secant. I 
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Degrees," 
nes. T ts, and Secants. 29 | 
L vines, Tangents, 

Of ARTI1FICIA 4 

TABLE V. : * 


ant. | Co- ſecant. 
X I O-rans, Secan 2 — 1 —— 
M. Sine. | Co. line. Tangent. C 5: | 10. 05818 | 10. 31443 | 66 
Sine. | 375 10. 25625 : 8 31420 59 
0 968530 94175 7 25565 97 31375 57 
| 1 | 08603 +670 WW4 + 25506 | 05846 | 31352 3 
— - 2 2 
11 4147 | 74524 p 05860 313 
5 | 68671 | 9 74554 | 2544 16 31284 | 53 
| 6 | 68694 | 94140 438 25417 ef 1 31261 | 52 
[| 68716 a 25307 — 5 235 1-508 
| 7 12 2 3 es Ma 
| 0 657 39 | * 74643 | 22220 "10. Oc 10. 31216 50 
| 68762 |__ 94 2 | 9:74673 | 10-25327 | 16.05 31193 | 49 
— ——— 94112 el a 25298 95395 1170 48 
[9 9. 0 4 4 94105 Li Lew 25268 05902 3 47 
11 681 07 94098 1473 25238 05910 5 ids 46 
_— | 7: . 25209: [22247 31103 45 
ll :; 68825 9408z . 25179 22922 3108 | 44 
13 63897 | 94076 $17 25149 05931 31038 | 43 
30565 74880 25120 64.4 31935 [42 
I rok . 25090 = ziotz [ 41 
17 : - - — — | 
8 6965 | 94055 74939 |___ 25061 _ 2959 10. 30990 4 
10 63987 |___ 9494 —| 9.74969 10 230110. * 30968 39 
she 9949 74998 3 73 1 
18. 1 on | 24972 03980 39923 | 37 
i 02 e 2 
| 55 04026 A 24913 * 30878 35 | 
1 4 94012 2 24883 22995 0856 | 343 
9 > Fo 94005 1172 24854 06002 2 
3 69122 93998 75146 4 o6009 25677 + 
4 | 69144 * * 75176 * 06016 ons 2 
4 6518 93984 4 rob 2476; _— 1560 * 
4 69212 93977 |—= > 10. 24730 | 10.06030 | 10. 22105 29 
e ee | > 7506 e 
30 9. 092 34 3 47 75294 235 06045 3 7 g 
29 69256 5 75323 4 06052 30999 7 
10 69279 93955 75353 24647 6 3067 26 
69301 | 93948 $ 24618 — > 0655 | 25 
„ 93 01041 75392 24588 06066 wy * 
26 09323 93934 75411 24559 06073 2 23 
25 9345 47 75441 24570 06080 . 5 72 
ny oo 1 70 1 24506 o6088 2 21 
23 69399 93912 75500 * o6095 af tet jp 
22 69412 es 75529 4441 | 10. 06102- | 10. 30544 20 | 
6 93705 — — 10 06102 
2 9934 | 93 $ | 9.75558 | 10. 24441 00109 30521 19 | 
20 9. 69456 9- 93598 75588 24008 26146 39499 | 18 
19 69479 9389 75617 24383 39477 | 17 
| $8 75 06124 x 6 
18 69501 93884 75647 24353 39455 | 1 
6 4: 9% | 75676 24295 nn 1.09 14 
3 9545 862 75705 265 06145 3 or 1 
"Wo | | e | ng re lg 
13 dert 4-16 75793 ek 06167 2 
1 69633 9354 5822 1 >. +4 AF 0 0323 | 1o 
i 6965; 93833 | 75 24148 | 10.06174 | 10.3 
— . —— P 75852 10. 2414 06181 30301 9 
| 10 9. 69677 93826 3 241 19 6 $ 39279 8 
j 69699 93519 45 24090 22 0256 7 
$ 69721 93811 2225 2 4060 2 2 5 6 
11 655 g 804 15939 pe 0630} ont: 5 
| 69765 93797 85 240 18 30191 4 
i 6978 3739 4 — 23973 o_ 169 3 
[4 8 3 3 76027 21944 06225 zo! 4 
, 6875 9 77 76056 3 14 06232 30 1 a 
; 9931 28 76086 * 4 06240 301 * 
1 1 3769 | 76115 | — 056247 wid. 
| 9875 937 76144 TIVES ad Secant. | M. 
| g 69 $97 93753 | : 5 Co-:ſecant. ecanr. 
Co-tang.| Tangent. | Wn AD 
| Co-fine: | Sine, | Co-tang 


12 * 


ly b 


60 Degrees. 


— 


eee. = oO 


TABLE V. Of ARTIFICHAL Sines, 


Tangents, and Secants. 30 Degrees 


b 


OO — — ——— — — I > 


91＋3————— — 
Sine, | Co- ſine. Tangent. ] Co-t ang. Secant. 
9.69897 | 9-93753 | 9+ 76144 10. 23856 10. 06247 
69919 93746 | 70173 2 3827 06254 
69941 93738 76202 23798 06261 
69963 93731 } 76231 23769 06269 
69984 93724 76261 23739 06276 
70006 93717 762 90 23710 06283 
70028 93709 76319 2 3681 06291 
70050 93702 76348 23652 06298 
70072 93995 76377 23623 o6 30 5 
7009 3 93687 | 76496 2 3594 6313 
70115 9.93680 | 9.70435 23565 10. 06320 
70137 93673 76464 23536 06327 
70159 93665 76493 23507 06335 
701 50 93658 76522 23478 06342 
70202 93650 76551 2 3449 06350 
70224 93643 765 80 23420 06357 
70245 93636 76609 23391 06364 
70267 93628 76639 23361 06372 
70288 93621 76668 23332 06379 
70310 93614 76697 23393 | 06386 
. 70332 | 9.93606 9. 76725 | 10.23274 | Ao. 063y4 
70353 93599 70754 23246 06401 
70375 93591 76783 23217 06409 
70396 93584 76812 23188 06416 
70418 93577 76841 23159 0642 3 
70439 93569 76870 23130 06431 
70401 93562 76899 23101 06438 
70482 93554 76928 23072 06446 
70 504 93347 76957 23043 06453 
70325 93539 76986 2 3014 06461 
70547 | 9.93532 19. 77015 10. 22985 | 10, 06468 
70568 93525 77044 22956 06475 
79590 93517 77073 22927 0645 3 
70611 93510 77101 22899 06490 
70633 93502 77130 22870 06498 
70654 93495 77159 22841 06505 
70675 93487 77188 22812 06513 
70697 93480 27217 22783 06520 
70718 93472 77246 22754 06528 
70739 | 93465 77274 22720 06835 
70761 | 9.93457 | 9.77393 .| 10. 2269710. 06543 
70782 93459 | 77332 22668 06550 
70803 93442 77361 22639 06558 
70824 93435 77390 22610 06565 
70846 93427 77418 22582 06373 
70867 93429 | 77447 22533 06350 | 
70888 93412 | 77476 22524 065 N 
70909 93495 77505 22495 06595 
70931 93397 77533 22467 06603 
70952 | 93399 | 77562 22438 0660 
70973 9.93382 | 9.77591 10. 22409 0. 06628 
70994 93375 77619 22381 06625 
71015 93367 77648 22352 06633 
71036 93360 77677 22323 06640 
71058 93352 77705 22294 06648 
71079 93344 77734 22266 06636 
71100 | 93337 77763 22237 06663 
71121 93329 77791 22208 06671 
71142 93322 77820 22180 06678 
71163 93314 77849 22151 06686 
71184 93307 77877 22123 06693 


— 


Co- ſecant. 


10. 30103 
3008: 
30059 
30037 
30016 
29994 
29972 
29950 
29928 
29907 


— —— — 4 


10. 2988; 
29864 
29841 
29820 
29798 
29775 

| 29755 

29733 

29712 

29690 


——— U—2—ͤ.4x 


10. 29668 
29647 
29625 
29604 
29582 
29561 
29539 
29518 
29496 

29475 | 

10, 29453 
29432 
29410 
29389 
29367 
29346 
29325 
29303 
29282 
Web 

10. 29239 

29218 

29197 

29175 

29154 

29133 

29112 

29091 

29909 

29945 


| 10. 29027 


2900 
28985 
28964 
28942 
28921 
2 8909 


| 2 $879 


28858 
28837 
28816 


' Co-ine, | Sine, | Co-tang. | Tangent. | Co-ſecant.| Fecant. 


ä — 


2 —-— 


_— —_ 


59 Degrees, 
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TABLE V. Of ArTIFICIAL Sines, Tangente, and Secants. 31 Degrees. 
—— — ͤ—— — — — 
M.] Sine. Co- ſine. Tangent. Co-tang.] Secant. Co- ſecant. | 
9.71184 [9.93307 | 9.77877 10. 2212310. 06693 | 10,28816 [ 60 | 
71205 93299 77906 22094 06701 28795 | 59 | 
2 71226 93291 77935 22065 06709 28774 58 
3 71247 93284 77963 22037 06716 28733 57 
4 71268 93276 77992 22008 06724 28732 50 
5 71289 93269 78021 21980 007 31 28711 55 
6 71310 93261 78049 21951 06739 28690 | 54 | 
5 71331 93253 78077 21923 06747 2866 53 
8 71352 93246 78106 21894 06754 28648 52 | 
9 71373 93238 78135 21865 06562 28627 | 51 
10 9.71393 9.93230 | 9.78163 | 10.21837 10. 06770 .| 10, 28607 50 
71414 93223 78192 21805 06777 28586 49 | 
71435 93215 78220 21780 06785 28565 48 | 
71456 93207 78249 21751 06792 28544 | 47 
71477 93200 78277 21723 o Soo 28523 46 
71498 | 93192 78306 21694 06898 28502 45 
71519 93184 78334 2 1666 ©6816 28481 44 
71539 93177 78363 21637 06523 28461 } 43 
71 560 93169 78391 21609 06831 28440 42 
71581 93161 78419 | 21580 | o6839 28419 | 41 
9. 71602 | 9.93154 | 9- 78448 10. 21552 | 14, 06846 | 10,28398 40 
71622 93146 78476 21524 06854 28378 J 39 
71643 93138 78505 21495 06862 28357 | 38 
71664 93131 78533 21467 06869 28336 | 37 
71685 93123 78562 21438 06877 28315 36 
71705 93115 78590 21410 06885 28295 J 35 
71726 93107 78618 21382 06893 28274 | 34 
71747 93100 78647 21353 06900 26253 | 33 | 
71767 93092 78675 21325 06908 28233 2 
1788 93084 78704 21296 06916 28212 31_| 
9.71809 | 9.93077 | 9. 78732 10. 21268 | 10, 06923 | 10.28191 30 
718291 93069 78760 21240 06931 28171 | 29 | 
71850 [ gze61 78789 21211 06939 28150 [28 
71870 | 93053 78817 21183 06947 28130 | 27 | 
71891 93046 78845 21155 06954 28109 | 26 | 
TIg11 93038 78874 21126 606962 28089 25 | 
71932 93030 78902 21098 06970 28068 24 
71952 93022 789 30 21070 06978 28048 | 23 | 
71973 93014 78959 21041 06985 28027 22 
2 71993 93007 78987 21013 o6993 | 28007 21 | 
| 9: 72014 | 9.92999 | 9.79015 | 10. 20985 | 10,07001 10. 27986 | 20 
72034 | 92991 79043 20957 07009 27965 |} 19 .. 
72055 92983 79072 20928 07017 27945 | 15 
{2075 | 92975 79100 20900 07024 27925 17 
72096 92968 79128 20872 07032 27904 16 
72116 92960 791565 20844 070240 7884 43 
72137 92952 79185 20815 07048 27863 14 | 
72157 92944 79213 2078) 7056 27843 | 13 
72177 92936 79241 20759 07064 | 27823 Ia i| 
HI | 72198 92929 79269 20731 07071 27802 | 11 
9. 72218 92921 9.79297 10. 20703 | 10, 07079 10. 27 782 10 
72238 92913 79326 20674 07087 27761 9 | 
72239 92903 793841] 20646 07095 27741 8 
72279 92897 79382 20618 07103 2772ʃ 7 
72299 92889 79410 | 20590 07111 27701 6 ! 
72320 92881 79438 20562 07119 27680 5 
72340 92874 79466 20534 07126 27660 4 || 
72 309 92866 79495 20505 O71 34 27640 : 3 
72381 92858 79523 20477 07142 27619 . 2 
72401 2850 79551 20449 07150 27599 I; 
— 72421 92842 79579 20421 o7158 | 27579 bud 
Co-ſine. Sine. [Co-tang. Tangent. Co-ſecant.] Secant. | M. | 
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TABTLE V. Of ARTIFICIAL Sines, Tan 


1 gents, and Secants. 32 Degree, 1 
M.] Sine. | Co- ſine. Tangent. Co- tan g. [ Secant. Co: ſecant. | 
| 9. 72421 | 9.92842 [9.79579 | 10.20421 10. 97158 | 10 27559, | 
I 72441 2834 79607 20393 07166 27559 
a 72401 92826 79635 20365 07174 27539 
3 72482 92818 79663 20337 7182 27518 | 
4 72502 92810 79691 20309 7190 27498 | 
5 72522 92803 79719 20281 7197 27478 | 
© 72542 92795 79747 20253 07205 27458 
7 72502 92787 79770 2022 07213 27438 
8 7252 92779 79804 20196 07221 27418 
9 72602 92771 79832 | 204608 7229 27398 
10 9.72622 927639. 79860 10. 20140 | 10, 07237 10. 27378 Fe 
11 72643 92755 79888 20112 07245 27357 | 
I2 72663 92747 79916 20084 7253 27337 S 
13 72683 92739 79944 200356 07261 27317 oF 
14 72703 92731 79972 20028 07269 27297 
15 | 22723 92723 80000 20090 07277 27277 | 
16 72743 92715 8002 8 19972 07285 27257 F 
17 72763 92707 80056 19944 07293 27237 1 
18 72783 92699 80084 19916 07301 27217 1 
19 72893 | 92691 80112 | 19888 27309 27197 1 
20 1 9. 72823 92683 9. 80140 10. 19860 10. 07317 10.271757 | 7 
21 72843 92675 80168 19832 07325 27157 | yy 2 
22 72863 92667 80195 19805 07333 27137 | 3 Wl: 
23 72883 92659 80223 19778 07 341 27117 | 37 | 2 
24 72902 92651 802 51 19749 07 349 27098 | 56 | 2; 
25 72922 92643 80279 19721 7357 27078 [35 | 24 
26 72942 92635 80307 19693 07365 27038 | 1 20 
27 72962 92627 80335 19665 07373 27038 | 3; » 
28 72982 92619 80363 19637 07381 27018 | 3 18 
29 7 3902 92611 80391 | 19999 07 389. 26998 | z 29 
39 | 9.73022 92603 | 9.89419 | 10.19581 | 10.07397 | 10. 26938 wy 30 
31 73041 92595 89447 19553 07405 26959 | 29 31 
32 73061 92587 80474 19526 07413 26939 | 28 2 
33 73081 92579 80502 19498 07421 26919 | 27 33 
34 73101 9257! | 80530 1947 07429 26599 | 26 34 
35 13121 92563 80358 19442 07437 26879 | 25 | 35 
36 73140 92556 80585 | 19414 07445 26860 | 24 36 
37 73160 92546 80614 19386 07454 26840 | 23 | 37 
38 73180 92538 80642 19358 07462 26820 | 22 38 
39 73200 925 30 80669 19331 07470 26800 39 
40 9.73219 | 9-92522 | 9g. 80697 | 10.19303 | 10.07478 | 10, 26781 | 20 40 
41 73239 92514 80725 19275 07486 26761 [| 19 41 
42 73259 92506 80753 19247 07494 26741 | 118 +: 
43 73278 92498 80781 19219 07502 20722 | 17 43 
44 73298 92490 80808 19192 07510 26702 | 16 | 44 
45 73318 92482 80836 19164 07518 26682 | 13 45 
46 73337 | 92473 80864 19136 07527 26663 | 14 46 
47 73357 92465 80892 | 19108 07535 26643 | 138 # 
48 73377 | 92457 | 30919 19081 07543 26623 [ 
49 73396 | 92449 80947 19053 7551 26604 y 
59 | 9-73416 | 9.92441 | 9.80973 10. 1902; | 10. 07550 | 10, 26584 | 10 | 50 
51 | * 3435 92433 81003 18997 7567 26565 [ 
52 73455 92425 81030 18970 07575 26545 2 
$3 1] 973474 92416 81058 18942 07584 26326 | "0 33 
54 73494 92 498 81086 18914 07592 26506 | 6 | 34 
55s | 73513 92400 $1113 18887 07600 26487 | 5 ; 
86 73533 92 392 81141 18859 07608 26467 | 4 
| $7 723552 92 384 81109 18831 07616 26448 | 3 
| $8 73572 92376 81196 18804 07624 26428 4 7 
59 73591 92 367 81224 18776 07633 26409 | | 
60 73611 92359 83252 18748 07641 26389 | © 
| | Co-fine, | Sine. | Co-tang. | Tangent. [Co- ſecant.] Secant. | 
— * —— _ — — . 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 33 Degrees. 


— 


u.] Sine. | Co-line. | Tangent.| Co-tang.] Secant. | Co-jecant, | 
ot 9. 7z3601i | 9.92359 [9.81252 | 10.1874$/ | 10.07641 | 10. 26389 | 60 

' 73630 92 351 81279 18721 07649 26370 59 

2 736309 92343 81307 18693 07657 26330 | 58 

3 7 3669 92334 81335 18665 07666 | 26331 57 
3 73689 92320 81362 18638 07674 26311 | 56 
| 6 73796 92318 81390 18610 07682 26292 55 
EF. 73727 92310 81417 18582 07690 26273 34 
= 73747 92 322 $1445 18555 | 07698 20253 | 53 
$4 . 73700 92293 81473 186527 07707 26234 | 52 
9 73785 92285 $1509 15500 07715 | 26215 51 
* 9.73805 9.92277 9. $1528 | 10, 18472 10. 07723 10. 26195 | 50 
11 73824 92269 81556 18444 07731 26176 49 
12 73843 92260 31583 18417 07740 26157 | 48 
| 13 73863 92252 $1611 18389 07748 | 26137 47 
| 14 7 3882 92244 81638 18362 07776 26118 | 46 
| 15 73901 92235 81666 18334 | 07765 26099 | 45 
16 73921 92227 81093 15397 07773 | 26079 | 44 
17 73940 92219 $1721 1827 07781 |, 26060 | 43 
| 18 73959 92211 81748 18252 7789 26041 42 
19 [23278 92202 | $1776 | 18224 7798 26022 | 41 
17 973997 9.92194 9. $1803 10. 18197 J 19. 07800 | 10. 26002 40 
21 74017 92186 81831 18169 07814 25983 39 
21 74036 92177 81858 18142 07823 25964 38 
| 23 74055 92169 81886 18114 07831 25945 $7 
24 74074 92161 81913 18087 07839 { 25926 | 36 
25 74093 92152 81941 18059 | 07848 | 25907 | 35 
26 74112 92144 81968 18032 07856 25887 34 
27 74132 92136 81996 18004 078604 | 2 3868 33 

28 74151 92127 82023 17977 07873 25849 2 

29 74170 2119 82051 17949 | © _— 25839 | 31 
30 9.74189 9.92111 9. 8207810. 17922 10. 07889 10. 25811 J 30 
31 74208 92102 82106 17894 07858 25792 2 

2 74227 92094 $2133 | 17867 07996 | 25773 | 28 
33 74246 92086 82161 17839 07914 | 25754 27 
14 7426 92077 82188 17812 0792 25735 26 
| 35 74284 92069 82215 17784 07931 25716 23 
3674303 92060 82243 17757 07940 23697 | 24 
| 37 74 322 92052 82270 17730 | 07948 25678 23 
38 74341 92044 $2298 17702 07956 | 25659 J 22 
32 74360 92035 82325 17675 07965 25640 | 21 
10 |] 9+ 74379 | 9.92027 82352 | 10.17648 \ 10.07973 |] 10. 25621 20 
41 74398 92018 82380 17620 | 07982 | 2 5602 19 
42 74417 92010 $2407 17593 07990 25583 18 
43 74430 92002 82434 17565 07998 | 23504 17 
44 74455 91993 82462 | 17538 08007 23545 16 
45 74474 91985 82489 17511 o$8015 25526 15 
46 74493 91976 82517 17483 o8024 | 25507 | 14 
47 74512 91968 82544 17456 o80 32 25488 73 
= 74531 91959 82571 17429 08041 25469 | 12 
49 |__ 74549 91951 82599 17401 | o8049 _ 25451 | 11 
50 | 9.74568 | 9.91942 82626 | 10.17374 | 10. 08038 10. 25432 10 
5 74587 91934 82653 17347 08065 | 25413 | 9 

| 74606 91925 $2681 17319 | ofs | 25394 | 8 
53 74625 91917 82708 17292 o8083 25375 7 
54 74644 91908 82735 17265 | o809 2 | 25330 6 
BY 74652 91950 82762 17238 od oo 2533: 5 

56 74681 91891 82790 17210 oS$109 | 25319 47 
57 74700 91883 82817 17183 08117 25300 2:6 
| $8 74719 91874 82844 I7156 08126 25281 2 
59 74737 91866 82871 17129 | 08134 25263 I 
00 74756 91857 82895 17101 o8143 | 25244 o | 
— | 2 
|__ | Co-tine. | Sine, | Co-tang. | Tangent. | Co-ſecant.] Secant. NI. 
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TABLE V. Of AarTIFICIAL Sines, 
1CtAL Sine! 1 and Secants. 34 Negrees MY T4 
M. Sine. | 8 Tangent. Co-tang, Secant. es ſecant, ＋ 
o | 9. 9.74750 9. 91857 | 9 82899 10. 17 17101 10. 08143 | 10 10. 252 ail 6 * 
; 74775 91849 82926 17074 08151 7 47 l 8 
747 194 | 91840 82953 17047 08160 25206 y ] 
3 74812 91832 82950 17020 08168 25188 55 , 
4 74831 91823 83008 16992 o8177 2816 " 
5 74850 91875 83035 16965 o8185 251 — 11 
6 74868 91806 83062 16938 08194 3 57 - 
7 74587 91798 $3089 16911 08202 2815 54 | : 
74906 91789 83116 16883 o8211 | 250 ; 31 $ 
9 74924 91780 83144 16856 08219 17071 - | 0 
10 | 9.74943 | 9.91772 | 9.83171 | 10.16829 | 10.08228 10 — 5 
in 74991 | 91763 | 83198 | 16802 | ob2y7 2509 | vil » 
N 74980 91755 83225 16775 08245 25020 4 12 
* 14999 91746 83252 16748 08254 25001 ; I 
y- . 91 738 83279 16720 08262 24983 4 + 
16 | 723 | 91729 $3307 16693 08271 2496z f 15 
- 75054 91720 83334 16666 08280 24946 1 16 
| 75073 | g1712 $3361 16639 08288 24927 1 17 
| 75091 91703 83388 1661 2 08297 24909 * 18 
9 75110 91694 $3415 16555 o$305 24890 j | 19 
oy 1 an 9.91686 | 9. 83442 | 10. 16358 10. o8314 10. 24872 20 
* 75 4 91677 83470 165 30 oð 323 24853 * 24 
2 4 91668 83497 16503 08331 248335 | 22 
ba : 2 4 91660 83524 16476 08340 24816 a 2 
* 5 91651 $3551 16449 05 349 24798 | 36 24 
* 2 91643 83578 16422 05357 247:9 ; 
ll 2822 91634 83605 16395 08 366 24761 * 26 
1 4. 91625 83632 16368 08375 24742 | 33 27 
rot 4d 91617 83659 16341 08383 24724 | 32 | 28 
- — 94 91608 $3686 16314 o8 392 24706 ] pl LA 
1 9.75313 9. 91599 | 9 83713 10. 16287 10, o$401 10, 24687 wy 30 
3 75331 91591 83740 16260 08409 24669 | 29 | 31 
32 75349 91582 83767 16232 08418 24650 | 28 32 
33 75368 91573 83795 16205 08427 24632 | 2 33 
34 75386 91565 83822 16178 08435 24614 | 26 34 
= 75405 91556 83849 16151 08444 24595 | 25 35 
3 75423 91547 83876 16124 08453 24577 | 24 z6 
2 | 75441 | 91335 83903 16097 o8462 | 24559 7 
3 22 91530 839 30 16070 08470 24541 38 
" 3478 |_ 91521 | 83957 16043 08479 24522 | 39 
24 9. 75496 | 9.91512 | 9.83984 | 10. 16016 | 10. 08488 10. 24504 | 20 49 
4 75514 91503 $4011 15989 08496 24486 | 19 $1 
42 75533 91495 84038 15962 oð 505 24467 | 16 | 42 
43 640% 91486 84065 15935 08514 24449 | 1? 43 
44 1 755 9 91477 84092 15908 o8323 | 24431 | 16 | 44 
45 75587 91468 84119 15881 08331 24413 | 15 45 
46 75603 91460 84146 15854 08540 24395 | 14 | 46 
47 75024 91451 84173 15827 o8549 24376 | 13 17 
48 75043 91442 84200 15800 o8558 243358 | 1? 48 
49 75660 | 91433 84227 15773 o8367 | 24340 1 
5o | 9- 75678 | 9.91425 | 9.84254 | 10.15746 | 10. o8575 | 10. 24322 10 0 
51 75696 91416 842 80 15720 o8584 24304 Sl 
2 75714 91407 84307 15693 o8593 24286 | * | 32 
33 75732 91398 84334 15666 o8602 2 4267 7 53 
54 15751 91389 84361 15639 08611 | 24249 6 | 54 
55 | 75769 91381 84388 15612 08619 24231 ö 55 
56 7577 91372 84415 15585 08628 24213 | 4 | 56 
57 | 75805 91363 | 84442 15558 08637 2419; | 3M” 
5 75823 91354 | 84469 15531 08646 | 24177 „ 
59 | 7584 91345 | 84496 15504 08655 24159 | '/ 
0 75859 91336 84523 | = HSI 08664 24141 : 0 
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TABLE V. Of Ax TIrIctAL Sines, Tangents, and Secants, 35 Degrees. 


— ——_— — — — — — tec — 
dige. [Co- inc. Tangent. Co-tang., | Secaut, |Co-ſecant, 
2 9.75859 9.91336 Ys 84523 10. 15477 10. 08004 f 10. 24141 60 N 
I 75877 91325 $4550 13459 08672 24123 | 59 } 
2 75893 91319 $4570 15424 051 24103 58 
3 | 75913 91310 £4003 15397 08690 24987 | 57 
4 75931 91301 84630 15370 03695 24069 56 
5 | 75949 91292 34057 15443 05708 24051 | 55 | 
6 | 75967 91283 S 4684 15310 08717 24933 | 54 
7 75985 9127484711 15289 08720 24015 53 j 
$ 76003 91267 84735 15262 08734 2 3997 62% 
q 76021 91237 $4764 15236 | 05743. 23979 51 | 
£Y . 76039 | 9.91248 | 9. 84791 10. 15209 | 10, 08752 10. 2 3901 30 
11 76057 91239 84818 15182 828761 23943 49 
12 70073 91230 84345 15155 08770 23925 | 48 | 
13 76093 91221 84872 15128 08779 23907 | 47 
14 76111 91212 84899 15100. 08788 2 3889 46 | 
15 76129 91203 84925 15075 08797 23871 | 45 
16 76146 91194 84952 15048 08806 23854 44 
17 76164 91185 84979 15021 o8815 23836 | 43 
18 76182 91176 85006 14994 08834 23818 J 42 | 
19 76200 91167 85033 14967 o8833 23800 41 | 
20 9. 76218 . 91158 | 9.85059 10. 14941 10. 08842 | 10. 23782 40 
21 76236 91149 $5086 14914 o8851 23764 | 39 
22 76253 91141 85113 14887 08859 2 3747 38 | 
| 23 76271 91132 85140 14860 08868 23729 37 
24 76289 91123 85166 14834 08877 23711 | 30 
| 25 76307 91114 85193 14807 08886 23093 | 35 
26 | 76324 91105 85220 14780 | 08895 23676 | 34 
27 76342 91096 | 85247 14753 o%gog 23658 J 33 
| 28 76360 [ 91087 85273 14727 08913 23640 | 32 
29 76378 91078 85 300 1470 05922 23622 | 31 
30 | 9.76395 9.91069 | 9. 85327 10. 14673 | 10,08931 | 10.2360; 30 
3176413 91090 $5354 14646 | 658940 23587 | 29 | 
32 76431 91051 85380 14620 o8949 2 3569 | 28 
33 | 76448 91042 $5407 1593 08958 23832 | 27 
3+ | 76466 91034 | 85434 14366 08966 23534 | 26 
35 76484 91023 85460 14540 08977 23516 25 
36 | 76501 91014 85487 14513 08987 23499 | 24 
7 76519 91005 $5514 14456 08995 234581 | 23 
33] 76537 99996 85540 14460 | ogo04 23463 | 22 | 
39 | 76554 90987 85567 | -. 14433 | ©9913 | 23440 J_2! 
49 | 9. 76572 9. 90978 | y. 85394 | 10.14496 | 10.09022 | 10,23428 | 20 
| 41 76590 90969 85620 14380 09031 23410 19 | 
[42 | 76607 90960 85647 14353 09040 23393 [18 
13 76625 90951 85674 14326 09049 23375 17 
| 44 76642 90942 85700 14300 09058 23358 16 
45 76660 90933 85727 14273 09067 23340 ] 15 
46 76677 9092 4 85754 14246 09076 23323 | 14 
#7 76695 90915 85780 14220 9085 23305 13 
18 76712 90905 85807 14193 09095 23288 12 
2. 76730 92896 85834 14166 [99104 | 23270 U 
9 | 9.76747 | 9. 90887 9. 85860 10. 14140 1. 09113 10. 23253 10 
Sl 76765 | 90878 85887 14113 09122 23235 9 
| 92 76782 90869 85913 14057 09131 23218 8 
5 76809 99860 85940 | 1 4069 o9140 2 3200 24 
| 51 76817 90851 85967 14033 09149 23183 6 
5 76835 90842 85993 14007 9158 23165 5 
Ia 76852 908 32 86020 13980 09168 23148 4 
| 44 7687 90823 86046 I 3954 09177 423130 3 
4 76887 g0814 | 86073 13927 09186 23113 2 
bo 76904 90805 $6100 13999 09195 23096 1 
76922 90796 86126 13874 09204 23078 0 
D Sing. | Co-tang.| Tangent. Co-fecant.| Sccant. | NI. 
— ISR « 8 | — — 
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TAN V. Of arTtFictar. Sines, Tangents, and Secants, 36 Degrees, 
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r ine. ] Sine, c | Tangent. | Co-ſecant.] Secant, | 


— —— — 8 — 
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I. Sine. Co-ſine. Tangent. Co-tang. Secunt. — 
o | 9. 76922 | 9.99790 | 9.86126 10. 13874 | 10, 09204 10. 23078 . 
| 76939 907 37 $6153 13547 09213 2 3061 | 6g | 
2 76957 90777 | $6179 13821 0922 3 23043 | 58 
11 - 70074 90768 $6206 13794 09232 2 3026 | 57 
4 | 76991 99759 862 32 13768 09241 23009 | 56 
5 | 77009 90750 [ 86259 13741 09250 22991 | 55. 
6 77026 | 90741 86283 13715 | 09259 22974 | 54 
7 | 37043 907 31 86312 13688 09269 22957 | 53 © 
8 77061 90722 86338 13602 09278 22939 1 
Le 9071 | 86365 13635 ©9287 22922 | 51 
10 | 9.77995 | 9.99704 | g. 86392 | 10.13608 | 10. 09296 | 10, 2290; 70 
11 77111 92969 4 86418 13582 09 306 22888 
t2 | 77130 90085 86445 13555 09315 22870 
3 3. 77147 | © 90656 86471 13529 9324 22853 
14 77164 99067 86498 | 13502 09333 22836 
'5 77181 90657 46524 13476 09343 f 22819 
16 77199 90648 86551 13449 09352 22801 
17 77216 90639 86577 13423 og 361 22784 
18 772311 90630 36603 13397 09370 22767 
19 | 177250 9062 | 86630 13370 09 380 22750 
20 | 9.77268 9.90611 | 9. 86655 |} 10.13344 | 10, 09389 | 10.22732 
21 772853 | 90602 86683 13317 09398 22715 
22 773021 90592 86709 13291 09408 22698 | 
23 77319 | 90583 86736 13264 09417 22081 | 
24 77336 | 90574 | 86762 13238 09426 22664 [36 
8 77353 | 90565 86789 13211 09435 22047 35 | 
26 77370 90555 86815 13185 | 09445 22630 | 34 
7 77337 | 90546 56842 13158 09454 22613 | 33 
28 77405 90537 86868 } 13132 09463 22595 32 
29 77422 [ 90527 86894 13106 | 09473 22578 | wi | 
39 9.774390 | 9- 90518 9. 86921 | 10.13079 | 10.09482 | 10.22561 | 30 
31 77456 | 90509 86940 13053 09491 22544 | 29 | 
32 | 77473 99499 86974 13026 09501 22527 | 28 | 
33 77490 | 90490 87000 1 3000 09510 22510 | 27 | 
3+ | 77507 | 90480 | 87027 12973 09320 22493 | 26| 
35 77524 [90.71 87053 12947 09529 22470 | 25 
36 77541 90462 87079 12921 09538 22459 | 24 
37 77538 | 90453 $7106 12894 [ o9548 22442 | 23 | 
38 77575 90443 87132 12868 09557 22425 22 
39 77592 [ 90434 | 87158 | 12842 09566 | 22408 | 21 
40 | 9- 77609 9.90424 | 9. $7185 10. 12815 10. 09576 | 10.22391 | 20 | 
41 77626 90415 $211 12789 09585 22374 | 19 
42 | 77643 | 90405 87238 12762 09595 22357 [n 
43 | 77660 90396 87264 12736 09604 22340 [17 
44 | 77677 | 90z%6 27290 12710 0961 3 22324 | 16. 
45 77694 90377 87317 12683 0962 3 22306 | 15 
46 177711 | 90368 87343 12657 09632 22289 | 14 
47 77727 90358 $7 369 12631 09642 22272 | 13 
48 77744 99319 87396 12604 ©9651 22236 | 1? 
49 | 77761 99339 87422 1257 09661 22239 [ 
30 9.77278 990330 | 9.87448 10. 1255210. 09670 10. 22222 | 18 
511 77795 9032067475 12525 09680 22205 | 9 
52 77812 90311 87501 12499 09689 22188 ; 
33 773829 90301 87527 12473 o9699 22171 7 
54 | 77846 901292 | 87554 12446 09708 22154 | 6 
$5 77862 90282 87580 12420 09718 | 22136 , 
$6 | 77879 90273 | 87606 12394 09727 22121141 
57 77896 90263 87633 12 367 097 37 22104 | 3 
58 77913 90254 87659 12 341 09746 22087 | * 
59 77939 | 90244 27712 12315 09756 22070 | *| 
69 77946 902 35 87 12289 09765 | 22054 4 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 37 Degrees. 
— .. ——.8—. 1 


M. ] Sine. | Co-fine. Tangent.] Co-tang. | Secant, Co- ſecant. 
0 | 9.77940 | 9.90235 [ 9.87711 10, 2289 | 10.09765 10, 22054 | Go 
I 77963 90225 87738 12262 09775 22037 59 
2 77980 99216 $7764 12236 09784 22020 58 
3 77997 90206 67790 12210 09794 22003 57 
4 7801 3 90197 87817 12183 09303 21987 | 56 
5 78030 90187 87543 12157 9813 21970 | 55 
6 78047 90178 87869 12131 09523 21953 | 54 
7 78053 90168 87595 12105 09832 21937 | 53 
$ 78080 90159 87922 12078 098 41 21920 | $2 
9 78097 90149 87948 12052 PERL. 4), 21903 5 1 
o 9. 78113 901390 9. 87974 10. 12026 10, 09861 10. 21887 50 
11 78130 901 30 88000 12000 09870 21870 | 49 
12 78147 90120 88027 11973 09889 2185; | 48 
13 78163 90111 88053 11947 09889 21837 47 
14 78180 90101 88079 11921 09899 21820 | 46 
< 78197 90991 88105 11895 09909 21803 45 
79213 9oo82 88131 11809 09918 21787 | 44 
78230 90072 88158 11842 09928 21770 | 43 
78246 9006 z $8184 | 11816 099 37 21754 | 42 
78263 9005 3 88210 11790 | ©9947 21737 | 4! 
9. 73280 | 9.99043 | 9.88236 | 10.11764 | 10.09957 | 10. 21720 40 
78296 90034 88262 11738 09966 21704 39 
78313 90024 88289 1711 09976 21687 38 
78329 90014 88315 11685 09986 21671 37 
78346 90005 $8341 11659 99995 21654 | 36 
78362 89995 88367 11633 10005 21638 35 
78379 8998; 88393 11607 10015 21621 34 
78395 89976 88420 11580 10024 21605 33 
76412 89966 88446 11554 10034 21588 32 
| 78428 $9956 $8472 11528 10044 21572 | 31 
9.75445 | 9.89947 | 9.88498 | 10,11502 10. 10053 10. 21555 30 
78461 89937 88524 11476 10063 21539 29 
78478 89927 885 50 11450 10073 21522 28 
78494 89917 88576 11424 10082 21506 | 27 
78510 89908 88603 11397 10092 21490 | 26 
7852 89898 88629 11371 10102 21473 | 25 
78543 89888 88655 11345 10112 21457 | 24 
78560 89879 88681 I1319 10121 21440 23 
78576 89869 88707 11293 10131 21424 | 22 
— 889 |__ 89859 8821 | 11267 [1014 9 
9. 78609 9. 89849 | 9. 88759 110. 11241 10. 10151 10.211391 20 
78625 89840 88786 I1214 10160 21375 19 
78642 898 30 88812 11188 10170 21358 18 
78658 89820 $8838 11162 10180 21342 17 
78674 89810 88864 11136 10190 21326 16 
78691 89801 88890 11110 10199 21309 15 
78707 89791 88916 11084 10209 21293 14 
18723 $9781 88942 11058 10219 283 33--4—2Y 
78739 89771 88968 11032 10229 21261 12 
| 78756 89761 88994 11006 10239 21244 11 
78772 | 9.89752 | 9.89020 | 10. 10980 10. 10248 10. 21228 | 10 
78788 89742 89046 10954 10258 21212 9 
7880; 89732 89073 10927 10268 21195 8 
78821 89722 89099 10901 10278 21179 7 
78837 89712 89125 10875 10288 21163 | 6 
78833 89702 89151 | 10849 10298 21147 5 
78869 89693 89177 10823 10307 21131 4 
78886 89683 89203 10797 10317 21114 3 
78902 89673 89229 10771 10327 21098 2 
78918 89663 89255 10745 10337 21082 I 
78934 89653 89281 10719 10347 | 21066 | 0 


| .0-line, 


| Sine, TCo-tang. | Tangent. |Co-tecant. | Sccant. NM. 
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TABLE V. Of ARTIFICIAL Sines, Tan 


gents, and Secants. 38 Degree 
—— — — — — — 
| M. Sine. | Co-line. | Tangent.| Co-tang. Secant. Coferns had 
3 9. 78934 | 9. 89653 | 9. 89281 10. 10719 | 10.10347 10. 21066 a ; 
I 78950 89643 89307 1069 3 10357 21050 | ; ' 
3 78967 89633 89333 10667 10367 21033 4 a 
3 78983 89624 | 89359 10641 10376 2101) „ 
4 78999 89614 89385 10615 10386 21001 50 | 4 
| 5 79015 89504 89411 10589 10396 2098; | :- z 
6 79031 89594 89437 10553 10406 2090 s 
7 79947 89584 89463 10537 10416 2005; |, ; 
| 8 79063 8957 89489 10511 10426 20937 [; | ö 
2 79979 |___89564 | 89515 10485 | 10436 20921 | 5; M— 
6 | 9. 79995 | 9: 89554 | 9.89541 | 10. 10459 | 10.10446 | 10.2090; 55 4s 
11 79111 89544 89567 10433 10456 $ 0 
12 79128 | 89534 | 89593 10497 10466 | * 
13 79144 89524 89619 10381 10476 3 
4 79160 89514 89645 10355 10486 14 
15 79176 89504 89671 19329 10496 Y 
16 79192 89495 89697 10393 | 10505 
17 79208 | 894853 | 89723 10277 10515 d. 
18 79224 89475 89749 10251 10525 | 
19 79240 89465 89775 10225 10535 4 
20 | 9.79256 | 9.89455 | 9. 89801 | 10. 10199 10. 10545 10. 20744 * 
21 79272 89445 89827 10173 10555 20728 | yg 11 
22 79288 89435 89853 10147 10565 20112 | 3M. 
23 79304 89423 89879 19121 10375 20696 | 1 * 
24 79319 89415 89905 10095 10585 29681 | 36 1 
25 79335 89405 899 31 10009 10595 206554 
26 79351 89395 89957 10043 10605 20649 | 4 -- 
27 79367 89385 89983 10017 10615 20633 | 33 70 
28 79383 89375 90009 09991 10625 20617 | Þ 1 
22 79399 89364 90035 09965 10636 20601 — 
30 | 9. 79415 | 9. $9354 | 9. 90060 | 10.09939 | 10.10646 10. 20585 [ 4 
31 79431 $9344 90086 0991 4 10056 205609 
32 79447 89334 90112 o9888 10666 25533.| n 33 
33 79463 89324 90138 09862 10676 20337 [ 27 ” 
34 79478 89314 90164 09836 10686 20522 | 26 35 
35 79494 89 30 90190 09810 10696 20506 | 23 16 
36 79510 89294 90216 09784 10706 20490 | 24 37 
37 79526 89284 90242 09758 10716 20474 | 23 38 
38 79542 89274 90268 09732 10726 20453 | 22 9 
32 79558 $926. 90294 o | 10736_ 20442 | = 
40 | 9- 79573 | 9- 89254 | 9.90320 | 10.09680 | 10.10746 | 10. 20427 4 
41 79389 £9244 } 90346 09654 10756 20411 | 8 
42 79605 89233 90371 09629 10767 20395 | il; 
43 | 79621 | 89223 | 90397 09603 10777 20379 | oil + 
44 79636 $9213 90423 09577 10787 20364 1 
45 79652 89203 90449 09551 10797 20345 16 
46 79668 89193 90475 09525 10807 2033? 47 
47 79684 89183 90501 09499 10817 20316 46 
48 79699 89173 90527 0947 3 10827 * 49 
49 79715 $9162 90553 09447 { 10838 20265 — 
50 | 9.79731 | 9 891529. 90578 10. 09422 10. 10848 | 10. 20269 
51 79746 89142 go604 09396 10858 29254 G2 
52 79762 $91 32 90630 09370 10868 20238 . 
53 79778 89122 90656 09344 10878 20222 5 
54 79793 89112 90682 09318 10888 20297 40 
55 798og 89101 90708 09292 10899 20191 <6 
56 79825 899291 907 34 092 66 10909 20175 oy 
57 79845 89081 99759 09241 10919 20160 0 
| 58 79856 89071 90785 09215 10929 25144 59 
59 79872 89060 | 90811 o9189 10940 20128 bo 
60 79887 | 89050 90837 09163 10950 20113 
| | Co-tine. | Sine, | Co-tang, | Tangent. | Co-tecant.} Secant. | | 
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ing V. Of anTIFICIAL Sines, Tangents, and Secants. 39 Degrees. 


lm 
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Fo Degrees, 


- — * hand . 
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Sine. Co- tine. Tangent. Co-tang. | Secant, |Co-lecant, | | 
"9. 79887 9. 890 50 9.90837 | 10, 09163 10. 10959 | 10.20113 60 J ; 
79903 849040 90963 09137 10960 20997 | 59 
79915 89030 90839 09111 10970 20082 58 
79934 89020 90914 09 286 10980 20066 | 57 
79950 89009 90940 09060 10991 20050 | 56 
79965 88999 90966 09034 11001 20035 55 
79982 88989 99992 09998 11011 20019 54 
79996 88978 91018 08932 11022 20004 | 53 
8501 2 88968 91043 08957 11032 19988 | 52 || 
85027 | 88958 91059 28931 11042 19973 | 51 
| i 9.91095 10. 08905 10. 11052 10. 19957 50 
91121 08879 11063 19942 49 |} 
91147 05853 11073 19926 | 48 | 
91172 O8828 11083 1991 47 
91198 05802 11094 19895 46 
91224 08776 11104 19880 | 45 
91250 08750 11114 19864 44 0 
91275 08724 11125 19549 | 43 
g1 3291 08699 11135 19834 2 
g1327 08673. 11145 19818 | 41 
9.91353 10. 98647 10. 11156 10, 19503 40 
91379 08521 11166 19787 39 
91404 05596 11176 19772 38 
91430 08570 11187 19756 | 37 
9145 05544 11197 19741 | 36 
91482 oS518 I 1207 19746 35 
91507 08493 11218 19710 | 34 
91533 08467 11228 19695 33 | 
91559 05441 11239 19690 32 
91585 08415 11249 19664 31 
9.91610 | 10. 95390 10. 11259 10. 19649 30 
91636 08354 11270 19634 | 29 
91652 | 08338 11280 19618 | 28 
91683 08312 11291 19603 27 
91713 08287 11301 19558 26 
91739 08261 11312 19572 25 
91765 08235 11322 19557 | 24 
91791 08209 11332 19542 23 
91816 08184 11343 19527 22 
91842 o8158 11353 I9511 21 
9.91868 | 10, 08132 10. 11364 10. 19496 20 | 
91893 o8107 11374 19482 Ig If 
91919 o8081 11385 19466 | 18 | 
91945 05055 11395 19450 | 17 
91971 08029 11406 19435 16 
91996 08004 11416 19420 | 15 
92022 07978 11427 19405 | 14 
92048 07952 11437 19399 | 13 
92073 7927 11445 19375 | 12 
92099 07901 11458 © 20399 11 
9. 9212510. 07875 10. 11469 10. 19344 10 
92150 07850 1147 19329 9 
92176 07824 11490 19314 $ 
92202 07798 I 1501 19299 7 
92227 07773 11511 19284 6 
92253 7747 11522 19269 5 
92279 07721 11532 19254 $1 
92 304 07696 11543 19238 3 
92330 07670 911553 19223 2 
| 92356 07644 11564 19208 1 
82807 88425 92381 07619 11575 19193 0 
| Co-line, | Sine. | Co-tang. |1 angenr. |Co-tecant. | Secant, M. | 
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TABLE V. Of anTIFiciar Sines, Tangents, and Secants, 40 Degrees, 


Sine. 


Colne: 


——— ñ ꝑ—Un! ——_—_ 


, 


- 


— 


ädꝙUuê— . —— 


M. Tangent. | Co-tang.] Secant. | Co. ſecant. 
o | 9. 80807 9. 88425 9.92381 10. 07619 10. 11575 10. 1919; " N 
I 80822 88415 92407 07593 11585 191785 
2 80837 88404 92433 07507 11596 1916; 
3 80852 88394 92458 07542 11606 19148 
4 80867 88383 92484 07516 11617 
[5 80882 88372 92510 07490 11628 
6 80897 88362 92535 07465 11638 
7 80912 88351 92561 07439 11649 
8 80927 88340 92587 07413 11660 
9 80942 88330 92612 07388 1167 
10 | 9. 80957 | 9.88319 | 9.92638 10. 0736210. 11681 
11 80972 88308 | 92663 7337 11692 
I2 80987. 88298 92689 O7311 11702 
I3 $1002 88287 92715 07285 11713 
14 81017 88276 92740 07260 11724 
15 81032 88266 92766 07234 11734 
16 81046 88255 92792 07208 11745 
17 $1061 88244 | 92817 07183 11756 
18 81076 [ 88234 92843 07157 11766 
19 $1091 88223 92868 07132 11777 
20 | 9.81106 9. 882129. 92894 10. 07106 10. 11788 
21 81121 88201 92920 07080 11799 
22 $1136 88191 92945 07055 11809 
23 $1151 88180 92971 07029 11520 
24 81166 88169 | 92996 07004 11831 
25 81180 88158 93022 06978 11842 
26 81195 88148 93048 06952 11852 
27 81210 88137 93073 06927 11863 
28 81225 88126 93099 06901 11874 
29 81240 88115 | 93124 06876 11885 
30 | 9.81254 9. 88105 9.93150 | 10,06850 | 10. 11895 
31 81269 88094 93175 06825 11906 
2 $1284 88083 93201 06799 11917 7 
33 81299 88072 93227 06773 11928 18701 | 27 
34 $1314 88061 93252 06748 11939 18686 | 26 
35 81328 880 50 93278 06722 11949 18672 | 25 
36 81343 88040 93303 06697 11960 18657 | 24 
37 81358 88029 93329 06671 11971 18642 | 23 
38 $1372 88018 93354 06646 11982 18628 | 22 
39 | 81387 88007 93380 06620 11993 18613 1 21 
49 | 9.81402 | 9.87996 9. 93406 10. 06594 10, 12004 | 10. 18598 | 20 
41 81417 87985 93431 o6569 . 12015 18583 | 19 
42 87431 87975 93457 06543 12025 18569 | 1 
43 81446 87964 93482 06518 12036 18554 | 1! 
44 $1461 87953 93508 06492 12047 18539 | 16 
45 81475 87942 93533 06467 12058 18525 [ 
46 $1490 87931 93559 06441 12069 18510 | 14 
47 81505 87920 93584 06416 12080 18495 
48 $1519 87909 93610 06390 12091 18481 
49 $1534 87898 93635 06364 12102 18466 
50 9.81549 | 9.87887 | 9.93661 | 10.06339 | 10.12113 | 10. 18451 | ' 
51 81563 87877 93687 | 6313 12123 18437 | ? 
52 $1578 87866 93712 06288 12134 18422 | * 
53 81592 87855 93738 062 62 12145 18408 | 1 
54 | 8167 | 87844 | 93763 06237 12156 18303 | 6 
55 81622 87833 93789 06211 12167 18378 | 5 
56 81636 87822 93814 06186 12178 18364 | 4 
57 81651 87811 93840 06160 12189 18349 | 3 
58 81665 87809 93865 06135 12200 18335 | * 
59 | 81680 87789 93891 06109 12211 18320 | * 
60 81694 87778 93916 06084 12222 18306 | * 
} Co-fine, | Sine. | Co-tang. | Tangent. | Co-ſecznt. 


Fecant. | 
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TABLE V. Of anTiricrar. Sines, Tangents, 


and Secants. 41 


_— 


{ 


| | M.] Sine. Co-fin ie | 
=|| A. 5 Tangent. Co-tang. Secant. | Co- ſecant. 
1 an 9.93916 10. 26084 | 10. 12222 |-10, 1806 
1 . 93942 | obog8 112 3 
4 n BETS 93967 0603 z 4 ae 
18 *** 
ST 1 Wo 94018 95982 12266 ob p- 
| a 1285 94944 05950 12275 2 hs 
6 81781 94069 E 77 18233 
I $1506 895931 12288 18219 
5 4 7707 94095 05905 12299 1820 
1 |. 6 9 94120 | 05880 12 284 
* 1 81825 6 a 310 18190 
J 4-45 BY 7 : . . FRE... 17 12321 18175 
„39 9. 9.94171 10. 0829 10, 7772 5 
; | 2/554 34197 0580 ö 
4 12 81868 * 3 12343 18146 
WH i; | $155: 1 227. 12354 18132 
J 818; 4444 05752 1236; 18118 
; 1 77 94273 057 ; 
15 $1911 5727 12376 18103 
| | 16 81926 94299 C5701 12387 18089 
; | 87 94324 05676 12399 180 
2 | 1 8 94350 ©5650 : 37 
a 18 81954 94375 — 12410 18060 
* 19 81969 . 5 5 12421 18046 
0 SE corn OT 44 #._nC3E 2225 12432 18021 
20 81983 . 3 — — — 
9 FP 81998 9- 94420 10 25574 12443 10. 18017 
a | 22 82012 94457 05548 12454 18002 
| 2 82026 3 05523 12465 17988 
| 24 82041 94503 05497 12476 17974 
ö 25 82055 94525 05472 12487 17959 
| 26 82069 94554 05446 12499 17945 
n 94579 ©5421 12510 17931 
* ws 94604 05396 12521 17916 
| oP 94630 05 37 9 
— | 29 $2112 „ 537 12532 17902 
(( VX 12543 1-888 
$4 babes 9.94681 | 10.05319 10. 12554 10. 17874 
b bo 82155 94706 03294 12566 17859 
1089 r 
f | 34 $2184 94757 0524} 12588 17831 
, | 2s 8 94783 05217 12599 —8 6 
35 2198 8 8 17 I 
| z6 82212 44" 12222 9 l 
ö 37 82226 94834 05166 12622 1727588 
1 -: 82 94859 035141 1263 777 
1 23 2240 88 4 3 17774 
39 $2255 RENEE 051.26 12644 17760 
| r 9. 9: 9493; | 10.0506; | 10, 12666 | 6 17771 
74 By oc. 94961 03039 12678 17777 
or "44. 94986 05014 12689 17703 | 
44 $2 326 5 s 43700 17689 
; $ 95937 0496 3 I2711 5 
4 "4 4 95062 04938 1472 6445.0) 
JE: „ 8 | | 
48 82382 2 04897 12745 17632 
95139 04861 1278 — 
49 82 396 757 17618 
0 9. 82410 | 6 — — bd 12768 17604 | 17 
"6400 9. 95190 | 10. 04810 | jo; fig r 
I - + 10 10. 1 7 — 
1 % e 
| $3 . 93240 04790 12802 1 : 
| $4 1 95266 047 34 1281 In | 
4 407 201 3 7547 7 
5 82481 9529 ©4709 12825 17533 &1 
| 56 82495 95317 05683 12836 17519 
I | Sap 95342 04658 12847 „ 
« 122 95368 04632 1387. 0 1 4 
; 82523 2 2859 17491 
59 82 95393 04607 12870 1745 ; 
537 5 18 - C2 d (477 2 
bo 954 0450 1288 5 
82551 1 1746 I 
— MS 95444 04556 2 3 
Co- fine. 2 17449 O | 
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TaBLE V. Of Ax TI FIcIAL Sines, Tangents, and Secants. 42 Degree 
ZZ—pö—b———— f : 


M. Sine. | Co-ſine. T angent.] Co-tang. Secant. Co- ſecanl T 
o | 9.82551 [9.871 | 9.95444 10. 04556 12893 | Ic ——— 
l 82 565 87096 95409 9450 „ 
2 82579 87085 95795 esse; 12875 1 — 
- : , 7 
3 82593 87073 95520 04480 * = 
4 $2607 87062 95545 04455 12938 * 
- N $7050 95571 04429 12950 . 
2035 8739 95596 04404 12961 1 365 
7 82649 $7028 95621 04378 12972 3 
8 82603 87016 50 f = 1 * 
N 701 95047 04353 12954 I 
9 2657 87905 95072 04328 12995 Fe 
10 4 86993 95698 | 10. 04302 10, 13007 10. 173070 5 
df 1. 86982 95723 04277 13018 172 : 1 
Y 2 | 86970 95748 04252 13030 17227 I 
3 3 86959 95774 04226 I 3041 1526 | 1; 
14 2747 86947 95799 04201 13033 1215 | 
15 82761 86936 95825 04175 1306 24.4. * 
16 8277 8692 ; 0 40%. 12 1 
| 77 924 95850 04150 13076 
17 82788 86913 G T0930 Be 
[ - : ; 913 95875 904125 13087 17212 1 
I A 8690 95901 04099 1 3098 17198 
19 2816 86890 95926 04074 13110 | 17140 a 
22 * „22 9.95952 | 10.04048 10. 13121 10. 17170 | 40 
7 95977 0402 3 131 
22 82858 86855 96002 03998 15 11 
23 82872 86844 96028 03972 * Lact Þ 
24 ons 86832 96053 03947 13168 Log 16 
25 2899 86821 6078 0 3922 ; 
26 82913 86809 = | 03896 1 4 12587 12 
27 82927 86798 96129 03871 eh 3 3 
28 $2941 86786 96155 03845 13214 A1 1 
2 82955 86775 96180 03820 13225 $i - 
11 94-7 9. $6763 * 10. 03795 10.1323) 10,17% 3 
2 752 96231 0376 13248 
32 82996 86740 96256 — 5 1 Jen 20 
fl 33 83010 86728 96281 03719 13272 18 2 
34 $3023 86717 96307 03693 13283 16977 1 | 
I) 35 $3937 867053 | 96332 .| 03668 1 3295 16963 | 25] 
3 83051 86694 96357 03643 13306 16949 | 2 
37 83065 86682 96383 03617 13318 16935 1 
a 2 | 9 96408 03592 13330 16922 5 
5 0 2: 259 96433 03567 13341 16908 | 21 
9. 8310 9. $6047 9. 90459 10. 03541 10, 13. 168 20 
41 Bt 86635 96484 03516 1 * 16880 0 
42 3133 86624 | 96510 ©3490 13376 1686 $ 
T3 -4 
43 83147 86612 96535 03465 13388 16853 | 17 
44 83161 86600 96560 03440 13400 16839 | 16 
45 $317 86589 96586 ©3414 13411 16826 | 15 
| 4 83188 86577 96611 03389 13423 16812 | 14 
47 83202 8656 5 96636 03364 13435 16798 | 13 
4 83215 85554 96662 03338 13446 16785 | 13 
49 | $3229 86542 96687 03313 13458 16771 | 11 
50 | 9. 83242 9. 86330 | 9.96712 | 10 03288 | 10,13: 16 0 
f 10, 1 16758 | 10 
| 51 83255 86518 96738 be oj 125 = * 5 5 0 
52 | 83270 | 86507 | 96763 03237 13493 16730 | © 
53 83283 $6495 96788 03212 13505 16717 | 7 
54 83297 86483 96814 ©3186 I 3517 16703 | 6 
+ 83310 86472 96839 03161 13528 16690 | 5 
i! 5 $3324 86460 96364 03136 13540 16670 | 4 
$7 83338 86448 96890 03110 13552 16662 3 
5 $3351 86436 96915 03085 13564 16649 | * 
j| 59 3365 86425 96949 03960 13575 16635 | * 
© $3378 86413 96966 03034 13587 16622 | © 
Cone. Sine. Tangent. 
[| __} Co-line. ine. | Co-tang. | Tangent. |Co-fecant.| Secant. | I. 
| . N * = - — * — | — 


47 Degrees. 


TAE V. Of ARTIFICIAL Sines, Tangents, and decants. 43 Degrees. 


= = —  ———— 
| 1 | 
| | M.! Sine. Co- ſine. Tangent. Co- tang. | Secant, | Co-ſecant, | 
=: 9. $3378 9. 86413 | 9. 96966 10. 0 3034] 10,13587 10. 16622 60 
i | 33392 86401 96991 ©030cg I 3599 16608 59 
2 $3425 86389 97016 02984 13611 16595 | 58 | 
[4 83419 86377 97042 02958 13623 16581 | 57 
F 4 83452 86366 97067 §92933 13634 16568 56 | 1 
4 83446 86354 97092 02908 13646 | 16554 55 1 
6 $3459 86342 97118 02 882 13658 16541 36 bl 
7 83473 86330 97143 02857 13670 1652 53 3 
8 83486 86318 97168 O2 832 13682 16513 52 
9 83500 86306 | 97193 02807 13694 3 51 
10 | 9.83513 | 9. 86295 | 9.97219 | 10.02781 | 10.13705 10. 16487 50 
nn $3527 80283 97244 02756 13717 10473 | 49 | 
| 12 83540 86271 97269 02731 13729 16460 | 48 | 
. 83554 86259 97294 02705 13741 | 16446 7 
14 83507 $6247 97320 02680 13753 16433 | 46 
15 83581 86235 97345 ©2655 13765 16419 | 45 || 
| 16 33594 86223 97371 02629 13777 16406 | 44 | 
| | 17 83607 86211 97396 02604 13789 16592 43 
| 18 83621 86200 97421 02579 13800 16379 | 42 | 
| 19. 3836534 86188 97447 02553 | 13812 | 16366 |} 41 | 
| 20 [9 83048 | 9g. $6176 | 9.97472 10. 0252810. 13824 10. 16352 40 
| 21 $3061 86164 97497 02503 13836 | 16339 [39 
| 22 83674 86152 97523 02477 13848 16326 | 38 || 
23 83688 86140 97549 02452 13860 16312 37 || 
| 24 83701 86128 97573 02427 13872 16299 36 
25 83715 86116 97598 02 402 13884 16285 35 
26 83728 86104 97624 02376 13896 16272 34 | 
| 27 83741 86092 97649 ©2351 13908 16259 33 
28 83755 86080 97674 02326 13920 16245 32 
— 29 83768 86068 97700 O2 300 13932 162 32 31 
30 | 9.83781 | g. 86056 | 9.97725 | 10.02275 10.13944 | 10. 16219 30 | 
| 31 83795 86044 97750 02250 13956 16205 29 
| | 32 83808 86032 9777 2224 13968 16192 28 |} 
| 33 83821 86020 97501 02199 1 3950 16179 | 27 
| | 34 83834 86008 97826 02474 13992 16166 | 26 
| 35 83848 85996 97851 O2 149 14004 16152 | 25, |: 
| | 36 83861 85984 97877 02123 14016 | 16139 | 24 
| 37 83874 85972 97902 02098 14028 16126 | 23 
| 38 83887 85960 97927 02073 14040 16113 | 22 
- [39 83901 | 85948 97953 02047 | 14052 16099 | 21 
) | 40 | 9.83914 | 9g. 85936 [9.97978 10. 02022 10, 14064 | 10, 16086 20 
| 41 83927 85924 98003 01997 14076 | 26073 | 19 | 
N 42 $3942 85912 98029 01971 14088 16060 18 
ö | 43 83954 85990 98054 01946 14100 16046 | 17 | 
5 | #4 83967 85888 98079 01921 14112 16033 16 i 
f | 4) 83980 85876 98104 01896 14124 16020 15 | 
; | # 83993 $5864 98130 01870 14136 16007 14 
5 47 $4006 85851 98155 1845 14149 1599413 
I | 48 84020 85839 98180 01820 14161 15980 | 12 
[49 | 84033 85827 98206 _ ©1794 - 14123 | _ 15967 TE 
g | 50 9. 84046 9. $5815 9.98231 10. 01769 10. 14185 10. 15934 10 
$ 51 84059 85803 98256 01744 14197 15941 9 
7 | 92 84072 85791 98281 01719 14209 15928 8 
6 5 84085 85779 98307 01693 14221 15915 | 7 
5 54 84098 85766 98332 01668 14234 15902 6 
141 85754 98357 01643 142460 } 15888 | 5 
3 | 56 $4125 85742 98383 01617 14258 15875 4 
? 57 84138 85730 98408 01592 14270 15862 3 
I 5s 84151 85718 98433 81567 142 82 15849 2 
0 9 | 84164 85706 98458 o1542 14294 15836 | 1 
x 5] 84177 85693 | 98454 or516 14307 L 
| | Co-line, | Sine. | Co-tang. | Langent. |Co-tecant, | Secant. INI. | 
—— Beaton 
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TABLE V. Of anTiFiciar Sines, Tangents, and Secants. 44 Degrees Th 


— — * 
— — — —— — — 
M.] Sine. Co-fine Tangent. Co-tany . dSecant. Co- ſec ant.“ 
o | 9.84177 | 9.83693 9. 98484 10. 01516 | 10. 14307 10. 15823 [ 
} 84190 $5681 98509 01491 14319 15510 % 
2 84203 85669 98534 01466 14331 15797 | 58 
3 84216 85657 98560 01440 14343 15784 | 5 0 
4 8422 85645 | 98585 | ol4is 14355 157;1 | 56 
5 84242 85632 98610 01390 14368 15755 | 5; I 
6 4255 85620 98635 01365 14 350 15745 ” 2 
7 84269 85608 95661 01339 14392 15731 | 53 2 
8 842 82 85596 98686 olzl4 14404 15718 | 5 3 
9 $4295 | $5583 [ 98711 | 9129 | 14417 15705 | 5 3 
10 | 9. 84308 9. 85571 9.987 37 10. 01263 10. 14429 10. 15692 5 : 
11 84321 85559 98762 01238 14441 | 15679 | 4 
12 $4334 $5340 98787 1213 14454 | 15666 | ;; 
13 84347 85534 9881 2 01188 14466 15653 | 3 
14 84360 5522 98838 01162 14475 13640 | 46 6 
I5 84372 85510 98863 OIL37 14490 15627 4; || 6 
16 84385 85497 98888 01112 14503 15614 | 44 || 7 
17 $4398 55485 98913 ©1087 14515 15602 | , WY 
18 | 84411 $5473 989 39 01061 14527 15589 4 
19 84424 [ $5460 | 98964 | 061036 14540 15576] 41 | 
20 | 9. 34437 9. $5448 [9.98989 10. 01011 10. 14552 10. 15563 @| 4 
21 84450 85430 99014 00985 14554 15550 % 00 
22 84463 85423 99949 | oogbo 14577 15537 [. 
23 84476 85411 99003 009 35 14589 15524 [1 
24 84489 85399 999yo 00910 14001 T5511 | 36} 
25 84502 85 386 99116 00884 14614 15498 | 3; | 
26 84515 85374 99141 00859 14626 15483 | 34 
27 84528 85361 99 66 008 34 14639 15472 | 3; 
2 84540 85349 99191 00809 14651 15460 | 32 | 
29 $4553 5337 99247 | ' co783 | 14663 15447 ] 31 | 
30 | 9. $4566 | 9.85324 | 9. 99242 10. 00758 | 10.14676 | 10 15434 | 30 
| 3t | $4579 | 85312 | 99267 00733 14688 15421 | 29 | 
| 32 $4592 85299 | 99293 09707 14701 15498 | 28 | 
33 84605 85287 99318 00682 14713 15395 27 
| 34 $4618 85274 99343 09657 14726 15382 | 26 | 
| 35 84630 85262 99398 00632 14738 15370 | 25 | 
36 84643 83250 99394 00606 14750 15357 | 24 | 
37 84656 85237 99419 0058. 14763 15344 | 23 | 
38 84669 85225 99444 00556 14775 15331 | 22 | 
39 84682 * $5212 | 99469 00531 14788 15318 | 21 | 
40 | 9. 54694 | 9g. 85200 | 9.99495 | 10.0050; 10. 14800 | 10.15306 | 20 | 
| 41 84707 $3187 | 99320 00480 14813 15293 | 19 | 
ſ 42 8472 $5175 99545 00455 14825 15280 | 13 0 
'43 84733 85162 99570 004 30 14838 15267 [17 
44 84745 $5150 99596 00404 14850 15255 | 16 1 
45 84758 85137 99621 00379 14863 15242 | ';5 (ſb: 
46 84771 | , 85125 99646 00354 14875 15229 | 14 1 
| 47 84784 85112 99672 00 328 14888 152163 
| 48 84796 $5100 | 99697 00303 14900 15204 | n 
| 49 84809 85087 997-22 | 00278 14913 15191 | 1! 1; 
| 50 | 9.84822 | 9.85074 | 9.99747 | 10.00253 | 10. 14926 10.15178 | 10 1p 
| 51 84834 85062 99773 00227 14938 15166 | 9 
52 4847 85049 99798 00202 14951 15153 | * 1; 
53 84860 85037 99823 00177 14963 15140 | 7 es 
54 84873 85024 99848 ©0152 14976 15127 | 6 6 
55 $4885 $5012 | 99874 00126 14988 15115 | 5 
56 84898 $4999 99899 00101 15001 15102 | 4 (7 
57 84911 84986 99924 00076 15014 150893 
58 8492 3 84974 99949 00051 15026 15077 | * In 
59 84936 84961 99975 00025 15039 15064 | ' 1 
60 84948 $4948 flo. 00000 | 10. 00090 15052 15051 J. 9 
[Co- ſine.] Sine. Co-tang.] Tangent. Co- ſecant. Secant. | N. 
f b R 1 „ 1 — . — 
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45 Degrees. 
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A TABLE for finding theo HOUR. 


TAE VI. For finding the Latitude, by Two Altitudes of the Sun. 


— cute 
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— Oo Aw In ob ib wo wo ww Bs wen © 


© S \S eas Go -I 


b ww yy} gp ws 
ww tc — — © 


© S \S ©» 060-5 —5 ©, nw 


1Elapf. | Middle © TElapl. | Middle 
Time.] Time. | Riſing. Time | Time. 
.66121]2.63952 9.37654 30 |9-8771714-42 386 
.36018|2.94085] 97860) 5 oo 87015] 43088 
184093. 116940. 3 3078 30863240 43779 
03916 24187} 58066 oo 85644] 44459 
962250 3387%] 77445 39 | $4976] 45127 
88307] 41796 93284 oo | $4317} 45786 
81613] 48490 06673 30 83669] 46434 
75814] 54289] 18271 oo | $3030] 47073 
70700] 59403} 28502 30 | $2401] 47702 
66125] 63978 37653] oo | 81780] 48323 
1.61986] 3-68117|1-45931 30 j9.8116914-45934 
58208| 71895] 53488] oo | 80567] 49536 
54733] 75370] 60449| 30 79973] 50130 
$1515] 785880 66877] oo | 79387] 50716 
48520] 81583] 72869 30 788091 51294 
45718] 84385] 78474 00 78239] 51864 
430860 870117 83739 30 | 77677] 52426 
40605] 89498} 88703 | ©O 77122] 52981 
38258] 9i545] 93399 3 | 76574| $3529 
36032 94971] 97854 | ©O 76033] 54970 
1.33915] 3-90158|2.02091 30 15-7549914-54604 
31896] 98207 06131 oo 74972] $5131 
2996714-001 36| 09991 30 74451} 55652 
28120] 01983] 13687 oo 73937] 56166 
26349] 93754] 17223 30 73429] 56674 
24647] 05456] 20638 oo 729260 57176 
23910] 07093] 23915 30 72430] 57673 
21432] 08671] 27073 oo 71940} 58163 
19910] 10193] 30120 30 71455] 58648 
18440] 11663] 33063 oo 70976} 59127 
1.1701 8]4-1308512.35910 30 (9-70503[4-59600 
15642] 14461] 35067 oo 70034} 60069 
14397] 15796] 41338 39 | 69571] 60532 
13013] 17290] 43939 oo | G6g113] 60990 
11757] 18346] 46447 30 68660] 61443 
10536] 19567] 48893 00 68212] 61891 
09348] 20755| 51271 zo 67769] 62334 
o8193] 21910} 53586 00 67330] 62773 
07067] 23036] 55841 30 66896] 63207 
05975] 24133} 58039 oo | 66406 63637 
(.04901[4-25202|2.60182 30 lo. 66041 4.64062 
03857 262460 62274 oo 65620} 64483 
028380 27265 64316 zo | 65204] 64899 
01843] 28260] (6312 oo 64791} 65312 
oo870] 29233] 68262 30 643831 65720 
0.99918} 30185] 70170 oo 63978] 66125 
98988] 31115] 72036 30 63378] 66525 
98077] 32026| 73863 oo 63181] 66922 
97184] 329190 75652 30 | 62789] 67314 
96310] 33793] 77405 oo | 62400} 67703 
0.9545414-34649!2-79124 30 [0.62014 4.68089 
94614] 35489] 50809 00 61632] 68471 
93791] 36313] $2461 30 | 61254| 68849 
92982] 371210 84083 00 60879] 69224 
92189] 37914] 85675 30 60508] 69595 
914110 38692] 87238 0 60140] 69903 
90646] 39457 88773 39 | 59775] 70328 
89894] 40209 90282 oo 59414] 70689 
891560 40947 91765] 30 590500 71047 
884300 41673] 93223 00 58700] 71493 
— — — —  ___ 


TABLE VI. 


For finding the Latitude, by Two Altitudes of the Sun. 


f 

; 
14 
1 
n 
i 

} . 
NY 
C 
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- — | 
—_—  — — 
£2 


_— 
© AM = 
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1 


Time. 
0.58348 
57999 
57653 
57310 


1 


0.49012 


45736 
48462 
48189 
47919 
47650 
47384 
47119 
46856 
46595 
0.46335 
46078 
45822 
45567 
45315 
45064 
44515 
44507 
44321 
44977 
0.43534 
43592 
43353 
43114 
42878 
42642 
42409 
42176 
41945 
41716 


Middle 


Time. 


471755 
72104 
72450 

2793 
73133 
73470 
73805 
74137 
74466 
74792 


4.75116 
75437 
75756 
76072 
76385 
76697 
77005 
77312 
77616 


77917 


4-7821713-67156 


78514 
78809 
79101 
79392 
79680 
79966 
80251 


80533 
80813 


4.8109103.73057 


81367 
81641 
81914 
82184 
82453 
82719 
82984 
83247 
83508 
4.83768 
84025 
84281 
84536 
$4788 
$5039 
5288 
85536 
85783 
86026 
4.862693. 
865111 
86750 
86989 
87225 
87461 
97694 
87927 
88158 
88387 


** 


IL ATITUDE by two 4 Altitudes. 1 HOUR. 5." 


1 Elapf. | 


Time. 
0.41488 
41261 
41036 
40812 
40599 
40368 
49149 
39930 
39713 
39497 
0.39282 
39069 
38856 
38646 
38436 
38227 
38020 
37814 
37609 
37495 
0.37203 


0.31601414-9 


31443 
31272 
31103 
39934 
30766 
30599 
30433 
302 68 


30103 5.00000 


Middle 
Time. | Rifing 
48861 [3.8862 
88842 89097 
89067 89867 
89291 90034 
89513 90498] 
897340 90900 
899540 91420 
90173] 91676 
99390] 923z1 
go606| 92781} 
490821 3-932 52 
91034] 936% 
912470 94123 
91457] 94566 
91667 9500z 
918760 93443 
92083 95571 
92289] 96311 
92494] 96742 
92698] 97179 
4-92900| 3.97597 
93102 
93301 
93301 
93700 
93897 
94097 4.00109 
94267 005 
94451 
94673 


4-94865|4.01743 
95056) ond 


TABLE VI. For finding the Latitude, by Two Altitudes of the Sun. 


— 
63 


A TABLE for finding the 2 HOURS. 


363 


1 Elapf. 


Time. 


0.299 39 


29776 
29014 
29453 
29293 
29133 
28974 
28816 
28659 
28502 


0.28340 


28191 
28037 
27884 
27731 
27579 
27448 
27277 
27127 
26978 


0.26830 


26682 
26535 
26389 
26244 
26099 
25955 
25811 
25668 
25526 


0.25385 


25244 
25104 
2 4964 
24825 


24687 


24550 
24413 
24277 


24141 
0.24906 


23871 
23738 
23605 
23472 
23340 
23209 
2 3078 
22948 
22819 


0.22690 


22561 
22433 
22306 
32180 
22054 
21928 
21803 
21679 


21555 


Middle M 8 1 Elapſ. Middle | 
Time. | Riſing. : ; Time. | Time. | Riſing. 
5.0016414.1 3055 30 30 o. 21432 5-08671|4.31801 
00327] 13406 31 loſe) 21309 05794] 32079 
004589] 13756 31 39 21187] 08916] 32357 
006500 14104 32 oo 21066] 99037] 32631 
00810] 14451 32 39 | 20945] og158| 32906 
00970| 14797 33 | 00 | 20824] 09279] 33180 
011291 15140 33 39 | 20704] 09399] 33452 
01287 1548; 34 oo 20585] og510| 33724 
01444] 15824 34 30 20466 09637] 33995 
01601 16163 35 | oo 203480 09755] 34265 
501757416501 35 30 ſo. 202 305.0987304. 34534 
01912 16838 36 oo 20113] ogoyo| 34802 
02066} 17173 36 30 19996| 10107] 35069 
02219] 17507 37 oo 19880] 10223] 35335 
02372] 17839 37 30 | 19764| 10339] 35600 
02524] 18171 38 oo 19648] 10454] 35865 
02675 18500 38 30 19534] 10569 36128 
02826] 18829 39 oo 19420] 10683) 36391 
02976| 19156 39 30 | 19306] 10797] 36652 
03125 19482 40 oo 19193] 10910 36913 
5.03275 4.19806 40 30 [0.1yo80|5.1102 314.37173 
03421] 20129 41 oo 18968] 11135] 37432 
035680 20451 41 30 18857] 11246] 37690 
03714] 20771 42 oo | 15746} 11357] 37948 
03859] 21091 42 30 18635] 11468] 38204 
04004 21409 43 oo 18525 11578] 38460 
04148] 21725 43 30 18415, 11688] 38714 
04292] 22041 44 oo 18306] 11797] 38968 
04435] 22355 44 30 | 15197] 11906] 39221 
04577 22668 45 oo 18089] 12014] 39473 
5.04718]4-22980 45 30 [9.1798115-12122[4. 39724 
o4859] 23290 46 oo 17374] 12229] 39975 
04999] 23599 46 39 17767] 123360 40225 
051391 23907 [4% 00 17660] 12443] 40474 
05278] 24214 47 30 17554] 12549 40722 
©5416] 24520 48 oo 17449] 12654] 40969 
05553] 24825 48 30 | 17344] 12759] 41215 
o 5690] 25128 49 oo 17239] 12864] 41461 
05826] 25430 49 1 30 17135] 12968] 41706 
059621 25731 50 oo 17031] 13071} 41950 
5.06097] 3-26031 50 30 [0.16928[5.13174|4.42193 
062 32] 26330 51 oo 16826] 13277] 42435 
o6365] 26628 51 30 16724] 13379] 42677 
06498] 26924 52 o 16622] 13481] 42918 
06631] 27220 52 30 16520] 13583] 43158 
06763] 27514 53 | oo | 16419| 13684| 43398 
06894} 27807 53 30 | 16319] 13784| 43636 
07025] 258099 54 oo 16219] 13884] 43874 
07153] 28391 54 30 16119] 13984] 44111 
07284] 28681 55 oo 16029] 14083] 44348 
5-07 41 3] 4-2 8969 55 30 [0.15921 $-1418214-44583 
©7542] 29257 56 oo 15823] 14280] 44818 
07670] 29544 56 30 15725] 14378] 45052 
07797] 29830 57 00 15627] 14476] 45286 
07923] 30115 57 30 | 155309] 14573] 45518 
o8049] 30395 58 oo | 15434] 14669| 45750 
08175] 30681 58 30 15338] 14765] 45981 
o8300| 30963 59 oo 15242] 14861] 46212 
08424] 31244 59 zo | 15146] 14957] 46442 
o8548] 31523 Go oo 15051] 15052 46671 
XD 


— 


—y—ͤUb!! ' ᷣ . — — 
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TaBLE VI. For finding the Latitude, by Two Altitudes of the dun. 


T 
NEE — —— — — — 
LATTTUBE by Two Altitudes. 3 HOURS 
| | 8 
1 Elapſ Middle {{ Elap{. [Middle 
M. 8. Time. Time. | Riſing. hs l Time. Time, Riſing | 
0 30 [0.1495715-15146[4.46899 30 30 ſo.o99 815201220 557% 8 
I oo 14863] 15240 47127 31 oo 9909 20194} 39627 
I 39 14709 15334] 47354 31 30 | 09337] 20266| cox, 
2 do 14676] 15427 47 550 32 O0 09766 20338 60008 
2 30 14583] 15520 47 806 32 30 09694] 20409 60106 
3 oo 14499] 15613] 48037 33 00 09623] 20480 603% 
3 30 | 14395] 15705 48255 33 30 | ©9552] 20551] soße 
4 | 22 | 14326) 15797] 48479] | 34 | 09 | 09482] 206210 (yy 
4 30 14215 15888 48702 34 30 09412] 20691| 69g;1! | 
5 | oo | 14124] 15979] 48924 _35_j_22 | _09342| 20760) 611 | 
5 30 o. 14034/516069. 49145 35 30 fo. og 2735. o zo 701750 4 
6 oo 13944] 16159] 49366 36 o 09204| 20899] 61512 | 
6 30 13854 | 16249} 49586 36 30 9135 209680 61698! | 
7 oo 13765 16338 49806 37 oo 09067] 21036 61883 _s 
7 30 + 16. 16427 5002 5 37 30 08999] 21104] 62065) . 
* oo 13587} 16516] 50243 38 oo 08931 21772] 62252 * 
8 30 13499 16604] 50460 38 30 08864] 21239 62436 1 
9 |} oo | 13411] 16692] 50677 39 | oo | o8797| 21306| 6:51, | 
9 30 | 13324; 16779] 50893 39 39 | ©8730] 21373] 6:80: || | 
20 oo 13237] 16866] 51109 40 oo o8664] 214390 6298 
10 30 9.13150 5.16953 4.51324 40 30 0.08597 3-21505 4.63166 | 
11 oo | 13964] 17039] 51539 41 oo | o8531] 21571] 6339 | 
11 30 12971] 17125] 51753 41 39 08466] 21637] 63525 
12 oo 12893] 17210} 51966 42 | 00 08401] 217020 6350 
12 30 12808] 17295 52178 42 30 083361 21767 63885 ll 
13 oo 12723] 17380 52390 43 oo 082710 21832] 6406;| | 
13 39 | 12638] 17465] 52601 43 30 o8207] 21896| 64246 | 
14 oo 12554/17549 52812 44 oo 8143] 21960] 64423 | 
14 30 | 12471] 17633] 53022 44 { 30 | o8079| 22025| 6460; | 
15 oo | 12387] 17716] 53231 45 oO o8015| 22088| 647% | 
15 30 10-12305{5-17799 4.53440 45 30 1007952 [5.22151 4.64057 ] 
16 oo 12222] 17881} 53648 46 oo 07889] 22214 65134 l 
16 30 12140} 17963] 53856 46 30 07827] 22276 65310] 
17 oo 12058] 18045 54063 47 oo 07765] 22338] 654% 
17 30 11977] 18126} 54269 47 30 [07703] 22400 65661] l 
18 oo 11896] 18207] 54475 48 oo 07641] 22462} 65836 | 
18 30 113515] 18288] 54680 48 30 07579] 22524 66010 I 
19 | oo | 11734] 18369] 5488; 49 | oo 7518] 22585] 66184 
19 30 | 11654] 18449] 55089 49 30 7457] 22646] 6635] l 
20 oo | 11574|_18529] 55293 50 od | 07397] 22707] 6655 2 
20 30 {j0-11495!5.18608 4.55496 50 30 [0.07337 5.22766 4.66701 2 
21 oo 114160 18687] 55698 51 oo 07277] 228260 66874 2 
21 30 11337] 18766] 55900 51 30 07217] 22886 67046 2 
22 oo 112590 18844] 56101 52 oo 07158] 22945] 67217 2 
22 30 111810 18922] 56301 $ 52 30 07099] 23904 2 
23 oo 11104] 18999] 56501 53 00 07040] 23062 2 
4 23 30 11027] 19076] 56701 53 30 06981] 23123 2 
a 24 00 109500 19153] 56900 54 oo | o6923| 23180 2 
= 24 30 10873] 19230] 57098 54 30 o6865| 23238 2 
'Y 25 | oo | 10797] 19306] 57296 55 | oo | o6868| 23295| 6 :2 
. 25 | 39 [©-10721(5.19382[4.57494 55 30 [0.0675115-2335214 6% ; 
5 26 oo 10645 19458] 57690 56 oo 06694) 23409 2 
w 26 30 | 10570| 19533] 57886 56 30 | 06637] 23466 ? 
"| 27 | 00 | 10495] 19608| - 58082 57 | oo | o6580| 23523 l 
27 30 104210 19682] 58277 57 30 06524] 23579 5 
ki 28 oo 19347] 19756] 58471 58 oo 06468] 23635 2 
5 28 30 | 10273] 19830] 58665 58 39 606412] 23691 : 
4 29 | oo | 1orgg| 19984] 58859 59 | oo | 06357] 23746 : 
| 29 30 | 10126 9 59052 59 39 | 06302] 23801 K 
10053 59244 60 | oo 06247 2 38361 00 3 
=o _ — wo — — — — 


Taxr VI. For finding the Latitude, by Two Altitudes of the Sun. 


gn — 


A TABLE for finding the 4 HOURS. 


I n 
u. | 5. Hime 
00 30 10.06192 
ol 00 06138 
ol 30 06084 
02 {|  ©O 060 30 
02 30 05977 
03 oo 0592 4 
03 30 05871 
04 oo 0518 
04 30 05766 
05 00 05714 
05 30 o. 05662 
06 00 03610 
| 06 30 | 05559 
07 oo 05508 
07 30 03457 
| 08 oo 05406 
| 05 30 | ©5356 
09 00 05306 
09 39 ©5256 
10. oo 05207 
10 30 [0.05158 
11 00 05109 
11 30 05060 
12 o 05012 
l2 | 30 04964 
13 09 04916 
0 04868 
14 oO 04821 
14 30 04774 
ds 1.22.1. 94333 
15 39 [0.04680 
16 oo 04634 
16 30 | 04588 
17 00 | 04542 
17 30 | 04496 
1s |} 00 | 04451 
18 30 04406 
19 09 04361 
19 30 94316 
20 oO 04272 
20 30 [0.04228 
21 00 04184 
1 > >. 04141 
22 oo 04098 
__—— 
23 boſe) ©4012 
*3 | 39 |! 03969 
*4 | 00 |. 03927 
24 30 03885 
23 88 33843 
1 0.03801 
26 | 0 | 03760 
26 | 39 | 03719 
"7 oOo 03678 
7 30 03638 
28 | 09 | 03597 
258 | 39 | 03557 
9 % | ozgr7 
?9 | 30 | 03478 
0 | 9 | 03438 


Middle | 
Time. |Rifing. 
5-2 391114+70061: 
2396.| 70224 
24019 70387 
24073 79550 
241260 70712 
24179; 70574 
24232| 71036 
24285] 71197 
24337] 71357 
24389] 71518] 
52444171678 
24493] 71537 
24544] 71996 
245950 72155 
24646} 72313 
24697] 72471 
24747] 72628 
24797] 72786 
24547] 72942 
24897] 73098 
5-2494514-7 3254 
24994] 73410 
25943] 73505 
25091] 73720 
25139] 73874 
25187] 74028 
25235] 74182 
25282] 74335 
25329] 74488 
253760 74641 
$-2542 3]4+74793 
25469] 74945 
25515] 75096 
25561] 75247 
25607] 75398 
25652] 75549 
25697] 75699 
25742] 75848 
25787] 75997 
25831 76146 
5258750470295 
2 5919] 76443 
25962} 76591 
26005 76738 
2604b| 5688; 
26091] 77032 
26134} 77179 
261756] 77325 
26218] 77471 
26260| 77916 
526302477761 
26343] 77906 
26384] 78050 
26425] 78194 
26466 78338 
26506] 78481 
265460 78624 
26386] 78767 
26626] 78909 
| 26665] 79051 


1 


2 ana. Me... Att tara. Mt 


M. 


8. 


30 
00 
30 
O0 
30 
00 


30 


0 


30 
O0 


30 
00 
30 
095 
30 
00 
30 
00 
30 
00 
30 
O00 
30 
00 
30 
00 
30 
O00 
30 
00 


39 
O0 
30 


ZElapf. | Middle 
Time.] Time, [Rifing. 
0-0339915-26704/4.79193 
03300] 207413) 179334 
03321] 26782! 79475 

03283] 26820 79616| 
63245 26858; 79756 
0 3207] 26896 79896 i 
03170] 26934 809361 
231320 26971| 80175 
3095 27008 80314 
3027045 80452 
0.03021 $-27202'4.8059g1 | 
02985 27118) $0329 
©294y! 27154; $80$6; 7; 
02913] 27190 8100, } 
02877] 27226 21747 
028410 27262 81228 
02806, 27297 81414 
02771) 27332] 81555 
02736| 27367| $1586] 
. 02701] 27402| $1821] 
0.026075|5.27436 4.81356 
02633) 27470] $2091 
02599] 27504 82220 
02 565 27538] $2360} 
ö925321 2757 82494 
02499| 275 82625] 
024660 276371 8256; 
02433] 27670] 82894 
024000 27703 $3027 
02 3680 27735] $3159] 
0.02 3365. 2770704. 83291 
02304] 27799 83423 
02272 27531] 83554 
02241] 27862 83685 
012100 27893 $3816, 
02179] 27924] 83947 
21480 27955] 84077} 
021180 27955] $4207 
02088 28015 $4337 
02058] 25045] 84466 
0.02028|5-2507514.84595 
o1998| 2S105] 845244 
01989 25134; 84852, 
019400 281030 $4981 
01911] 28192] $5109 
01882] 282210 85236 
01854 285249! 85 363 
01826 282771 $5490 
01798] 28305} 83617 
01770} 28333] 85744 
0.01743{5-28360]4 $5870 
017160 28387 559% 
01689 28414] $6121 
016621. 28441 86240 
01635] 28468 86371 
01609] 2849] 86496 
01583] 283200 $6621 
o1557} 28546) 86745 
01531] 28572] 86869 
01505 28598 86993! 
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— 
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TABLE VI. For finding the Latitude, by Two Altitudes of the Sun. 


n. 


| * — i Lf — —— 
LATITUDE by Two Altitudes 5 HOURS. | 
[ Ela [ati | 
| pf. Middle IT Elapf.] Middle 
M. S Time. Time. | Riſing. N. 8. Time. Time. Riſing. I 
= 30 0.014805. 286230487116 30 30 [0-00361|5.29742 494033 
1 | oo 1455] 28648 87239 31 oo | 00349] 297540 9414 
I 30 01430] 28673] 87362 31 30 00337] 29766 942.4 | 
2 00 01405] 28698} 87484 32 oo 00325] 297780 94336 
2 30 013810 28722] 87606 32 30 00313) 29790 94463 
3 00 o1357] 28746} 87728 33 09 | 09302] 29801 94570 
3 30 | 01333] 28770] 87850] J 33 zo | ©9291] 29512 94676 
4 oo 01309] 28794] 87971 34 oo 00280 29823] 94782 
4 30 01286] 25817] 88092 34 30 00269| 29834 94888 
5 oo 012631 288400 88213 35 oo 00259) 29844 94994 
5 zo |9-01240[.;.25863]4.88334 35 zo fo. 00249 5.29854 95100 
6 00 O1217] 28886] 88454 36 oo 002 39 29864 9520; 
6 30 0119] 28909] 88574 36 39 00229] 29874 95310 
1 oo 01172] 28931] 88694 37 oo 00219] 29884} 93415 
7 30 o1150} 28953| 88814 ns: 37 30 00209] 29894] 95520 
| 8 oO 01128] 28975] 88933 38 oo 00200] 299030 95624 
$ | 39 | 01106] 28997] 8gozzh f 35 | 39 | 99191] 29912] 95778 
g | oo | 01084] 29019 89171 39 | 09 | ©0182] 29911] 98635 
9 | 39 | 91063] 29040] 39289 39 | 39 | 99174] 29920] 95936 
10 oo o1042 29061] 89407 40 oo 00166 29937} 96040 
| £210 30 901021, 5.29082 4.89525 40 zo 0.00157 52994596143 
11 00 f 01000, 29103] 89643 41 oo | ©0150 29953] 96246 
Il 30 oog So] 29123] 89760 41 30 00142] 29961 96349] 
| 12 oo | o0960| 29143] 89877 43 oo | 00134] 29969 96452 
| 12 zo | 00940| 2yi63| 89994 42 zo | ©9127] 29976 2 
13 oo 00920 29183] 90111 43 oo 00120] 29983] 96656 
13 30 | 092902] 29203] 90227 43 30 90113] 29990| 9675) 
= I4 oo oo 881] 29222 90343 44 oo 00106| 29997 96860 
t | 14 30 | o0862] 29241] 90459 44 zo | ©0099] 30004| 96961 
15 oo | 00843] 29260] 90575 45 oo | ©9993} 30010 9706 
15 30 fo. 00824/529279 · 90690 45 30 [o. , 5. 30016497163 
16 oo 00980; 29298] go805 46 00 ooo81] 30022 97264 
16 30 00787] 29316] 90920 46 30 00075] 30028] 97365 
17 | oo | 00769] 29334] 91033 47 oo | 00070] 30033] 97463 
i7 | 3o | 00751] 29352| 91149 47 3o | 00065] 30038! 97565 
18 00 00733] 29370] 91263 48 oo 00060| 30043] 97665 
18 30 | 00716] 29387] 91377 48 39 | 920055] 30048} 97765 
19 oo oo 29404] 91490 49 co 00050] 30053} 97863 
19 zo | 00682] 29421] 91603 49 3» | 00045] 30058] 97964 
| 20 oo o 665 29438] 91716 50 00 00041] 30062] 98063 
Nen Sr . 9516 
20 zo fo. oo64 5. 29455491829 50 zo |9-00937 5+ 300661 4.99102 
21 OO 00632] 29471] 91942 51 oo | 00033] 33070 98261 
21 30 00616] 29487} 9205 51 30 ooo: 30074 98359 
22 oo | oo600| 29503] 92166 52 | oo | 00026| 30077] 98457 
33.10 00584] 29519] 92278 52 30 oo 23 30080| 98533 
23 oo oog568| 29535] 92390 83 oo 00020| 30083] 965; 
23 30 90553 29550 9250 53 30 00017] 30086] 9875 
| | 24 00 | 00535] 29565 92612 54 oo 00015] 3008s 98841 
* | 24 | 30 | o00523| 295800 92723 54 30 | 00012| 30090 9894 
1 1 \gp |_ 00508] 29595] 92834 55 oo |_ o0olo| 30092] 99997 
4 25 30 004945296094. 92944 55 | 30 |0.00008[5. 39994149913 
þ | 26 oo 004%o| 29623] 93054 56 oo | ©0007] 3909 9923 
ut - 26 30 00466] 29637] 93164 56 30 0000; 30098 9937 
3 > 27 00 994521 296511 93274 57 oo 00004| 30099 9947 
Ns 27 | 39 f 99438] 29665 93383 57 | 30 | 00003] 30100] 9999 
1 28 o 00425] 29678] 93492 58 oO 00002] 301010 9997 
" 28 30 004120 29691 93601 58 30 ooooi] 30102 997 
_— 29 oo | ©0399] 29704] 93709 59 oo | oon00| 30103] 99 „ 
14 29 30 003860 29717] 93817 59 zo | oo000| 39103 9996 
1 2 09 09373] 29732| 93925 60 oo 00000] 30103/5˙ 
1 — —d — — — — — 


TaBLE VII. For computing the Altitude and Time, when the Sun 
or Star, is more than 6 Hours Diſtant from the Meridian. 


6 Hours, [ 7 Hours. | 8 Hours, 
1 8 | 
Log. | Log. . Log. Al Log. f 8 Log. . Log. 
us. | Riding. s. Rifing, . . Riüng. . Ring.). Riüng. di.] Rig. 
0, 305,009 30 3005, 5410 30 5,108 3030 5,1434] 0305, 7663 30 30/5, 0695 
1/00] O01 880310 05493] 1/00| 1014010 14198 10 17717 31 20742 
1130 00282 31030 05576] 1300 10212310300 14261] 1130] 1557213130 20788 
2/00] 00376|32/00] 05659] 2/00 1028432 [ 14324] 2/00] 15826132 C0 20835 
30 0046932 30 05740] 2 300 10356|32]z30| 14386] 2130] 17880|32|3a) 2088; 
300 00563] 330O0 05822] 3Jo0 104293300 14449 3,99] 17934 33/00 20926 
330 00657 33 30 05904] 3/300 10501 330/300 14511] 3130] 17988033300 20972 
4/00] 07510 34% 0 05985] 4% 0 10573 34/00 14573] 4/00] 1804234 00] 21018 
430 o0o8 44/3430 06067] 4/30] 106433430 14035] 4130] 18095 34 30 21063 
50 009360358 06149 5/00] 107141|35]00| 14697 5199] 1814825 80 21109 
530 1028035130 06230] 5/30 10785[35]z30| 14759] 5139] 18202035 30 21155 
6/00] 1121360 06312 Coo 10856360 14521] 6100 1825536000 21201 
6.30 012133630 06392] 630 1092603630 14852] 630 18 308 3630 21245 
70% 01305|z7}00] 7% 10997 7% 14943] 7100] 18361037 O00 21290 
7130] 0139803730 06553] 7/30 110683730 15004 7130} 18414037030 21335 
%% 01490/3800 06633] 8% 1113908800 5065 gloo| 184670380 21379 
| $130] 0158038030 06713] o 11208038030 15126] 8130 13519]35|30] 21423 
9/00] O167 139 0% 05793] 9Joo| 11278039 % 15187 900 18571139109] 21469 
930 01762330 06873] 9/30 11347|39]30] 15248] 9300 18623039 300 21513 
10/00] 1853040 0% 06954Þ'®)oo} 114174 0 1530 fo 1865540 21558 
10139] 1943/40/30 ©7033]'©|30] 11486400300 153690030 18727/400300 21602 
11100] ©02034]41]o0] ie 11556041 [oo 15428]; ;1j0o 18779141100] 21645 
11139] 02125]41|30] 7190110300 11625 41130} 15488 1130 18831041030] 21689 
12/99] 221542 72692 oo 11094142100 15548 12190 18883 42100] 21733 
12130] 02304[42|[z30] 97348/1230 11763142|30| 156c8]r2!30 18934142130] 21777 
3% ©2394143|00| ©7427]! 3j00| 1183104300 15667]; 3/00] 18985143]00] 21820 
33% 2485430300 97505/13300 11899]43|zo] 1572730300 19035[43]30} 21864 
14% 02572|44|00] 7584/14 0] 1196744 00 15787]14|90| 1908644] o0 21908 
14 30 0266104430] 97662114 30 1203604430] 15846674030] 19137/44030 21950 
15100] 02750[45}00| 9773915100! 1210445 O0 15904[15j00| 19188[45]00| 21993 
15030 2839045 zo] 978. 615/30] 12172045030 1596311 530] 19239045] 30] 22036 
16100] 02928046 O0 7894 12240046 16022116100] 1929004 o 22078 
16139} 0301604630 itz 1230746030 160801630 19340146 39] 22131 
17% 03104]47]00] ©3049]! 7 oo 12374147|00| 16139700 19390047 [oo 22164 
73 3191/47/30 812601230 12441070300 16197/7300 19440047/30 22206 
18 00] 03279148100 08203 18/00 I2508[48|00 1625611800] 194589[485]0o| 22249 
18130] 0336648 zo] ©8280 18 30] 12575/48030] 16314118130] 19539145 zo] 22291 
19.9 03454 49000 0835619 oo I2642 [49100] 16371 1900 19589049 O00 22332 
939 3542/9300 8432930 1270490300 164291790300 19639/4300 22374 
20190] 03629 5% ο ©5598]* % 127576150100 1648600 19689 Sooo] 22416 
03 3715/50030 28584129130} 1284105030 16544/0030 19738059300 22457! 
21000 03801]51126] 86602 1 o 12907151100] 16601[21|00 19786[51 o 22499 
10350 3887/51/30] 35736/10300 1297351030 16659010300 1983557030 22541 
22190! 3974/52 [% 812% 13039 520% 1671612200 19884590 22583 
22300 406052 30 88872230 131040520300 16773]22|30] 19933052/30]( 2262; 
30 04146/5300 89610 3% 13170053 1682902 300 19982|53]00| 2266; 
33% 042325330 99036230300 13236053030 1688; 231309] 2003005330] 22705 
%% 04318[54foo] ©9111]*4]00| 1330215400 16942[24|00] 20079154|g0] 22745 
%% 04402[54|30] 9854/30 13366|54|30] 16998 24|39] 20127|54]30] 22786 
5% / 944875500] 09260Þ*5]0o| 1343115500] 17054]:5/00 20175155100] 22827 
*513% 04571]55130 ©9 3351-2130] 13495|55|30] 17111Þ25|30] 20222155] 30] 22868 
6/99] 04636 56109] ogg o 13560 56% 171672600 2027005 %% 22908 
% 3% 04740|56|zo| og 4832630 13624 5630 17222026 30] 2031805630] 22948 
27/00 482 5 5700 095 562 7oo 13689 570 1727727 oo 20 3665700] 22988 
73% 04910 57130] 89629270 30]( 1375357/30]( 1733327030 2041 3157|30| 23027 
28100 ©4994[38|00] 09703/23[0o| 13818|58[00| 17388 28% 204615800 23067 
* - 05077158|z30] 097762830 13881058030 17443[28]30] 20308|58}zo] 23107 
Ke *5!60159]00| og9850[29]00] 1394415900] 17498[29|0o| 205550590 231:6 
©9139 053243159} 39] 0992 32930] 14008\159[z30| 17554 29/30] 20601|3H]zo] 23186 
[30100 05327]60Jo0o] 099961[39[00] 14071 |60]00] 17609] 30/00] 20648 
— — — 


TAB VIII. Or NATURAL SNES. 


» w.2 W 4 


— - . 
= q 
- 4 Ie Ä 
« > — < 
” 


. ͤ v RO: JESTER" BR? ag, 
N. N fine N. col. N line N. coſſ N tine N cot. Nut N. cos. N fine N. coſ. N. 
0 00 [100099 17599985 349099939 523499863 6976 99756 G5” 
1 29} 00 1774} 984} 3519| 938| 5263 851 | 7005 754] 59 
2 58! oooo| 1803] 984] 2545} 937 5292| 860 7034 752| 58 
| 3 $7j ooo 1332] 983 3577] 936 5321 | 858] 7063| 730 57 
4 116 cooo| 1862] 983 3606 935 5350 155 7092 748 56 
5 145] ooou] 1891] 982 3635] 934 5379] 65712 746 5; 
| 6 175] 0000] 1920] 982 3664! 933 $498] 854] 7150} 744 54 
b: 7 204 [100000 | 1949 99981 | 3693 99932 | 5437 [99832 7179 99742| 530 
| 8 233] Oo 1978] 980 3723 937 5466 851 7208 740 32 
ww | 262| oO 2007 980 3752 930 5495] E49] 7237} 738 51 
10 291] Oo 2036| 979 3781, 929 5524] $847] 7266 736 50 
1 2 320 99999 2065 979 z810| 927] 5553] 846 7295| 734] 49 
3 349|___999|_2094| 928] 3839; 926} 5582} 844] 7324 731] 48 
| 83 37899999 2123199977| 3868 999250 5611 [99842] 7353 99729 47 
| 14 {| 427] 999] 2152] 977) 3*97} 924 5640] 841] 7382 727 46 
1 5 439] 999 21dr] 976| 3926] 923 5669] 89 7411| 725 45 
16 463 999] 2211] 976 3955 922 56% 838] 7440 7231 44 
117 495] 999] 2240] 975 3984] 921 5727] 836 7469] 7210 43 
292 229 [22 413 919 5756 834| 7498] 719] 42 
19 | 553] 99995, 229899974 4042 99918 5785 [99833] 7527997160 41 2 
20 582] 99982327 973] 4o71| 917 3814] 8317556 714] 40 
21 G11} 9993] 2356] 972] 400 916 5844] 829 7585 712 39 
22 640] 9998 2385} 972] 4129 915/5873] 827 7614] 710 38 
23 669] 9995] 2414] 971/459 973 5902] 826 7643] 708| 37 
| 24 {| 698] 9998 2443270 4188] 912 5931] 824/7672 705 36 
25 727] 99997 247299969 4217 99911] 395099822 7701997030 35 ng 
| 26 | 756] 9572580 9% 4246] 910 5989 821] 7730 701 34 
27 785] 997] 2539] 968 4275 909 6218] 819 7759 699 33 
28 | 814] 997] 2560 967] 4304| 907 6047] $17 7788| 696} 32 | 
29 844 996 2589 996] 4333 900 6076] F15] 7817] 694] 31 | 
2 873 996 2618 965] 4362 905 6105 873 2845 692 30 | 
3 902 99996 264799965 4391 9990 6134998127875 lyg68g| 29 = 
32 931 996 | 2676] 964 4420| go2| 6163] 810 7904| 687] 28 ; 
| 33 | 969] 995 2705| 963] 4449| yorf 6192] $08| 7933] 685| 27 E 7 
| 34 989 995| 2734] 963 44784 900 6221] $806 7962 | 683] 26 = 
35 1018 995 | 2763| 962 4507| 898| 6250] 804] 2991 } 680| 25 ; 
| 36 1047 995] 2792| 961 4536 897 6279] $03 _ 8020 678} 24 ; 
37 | 1076] 99994| 2821 999% 4565 99896 6308 [99801 | 8049 [99676| 23 4 
| 38 | 1105 994 | 28590} 959 4594] 894 6337] 799] 8078} 673| 22 3 
3 1134 9942879 939 4623 893] 6366 797 8107 65712 3 
49 | 1164 993 | 2908] 958] 4653] 892] 6395] 795| 8136] 668| 20 4 
41 1193 9932938] 957 4682} 890 5424 793] $165] 666 19 4 
{42 | 1222] 9232967 956 471] 889] 6453] 792] 8194} 664| 18 42 
43 | 1251| 99992| 299699955 4740 998880 648299790 8223 [99661| 17 43 
44 1280 992 | 3925] 954] 769 886] 6511] 788| 8252 | 659 16 44 
45 | 1399] 991] 3054] 953] 4798} 88;] 6540] 786| 8281} 657 15 4; 
46 | 1338] 9g9t| 3083] 932] 4827 883] 6569] 1584] 8310] 654| 14 46 
| 47 | 1367] 991] 3112] 952 4856| 882 6598] 582| 8339] 652 13. 47 
- 48 1396 990 3141 951 4885 881] 6627] 780 8368] 649 12 48 
. 149 1425 99990 317099950 4914 [99879] 6656199778} 8397 199647] 1 49 
9 j| 52 | 1454] 9893192 949] 4943] 878| 6685] 776} 8426] 644| 10 50 
+ | 51 | 1483] 9359 3240] 948] 4972] 876 6714] 774] 8455] 642| 9 $i 
7 52 | 1513] 989] 3257] 947] 50or| 875] 6743] 772 8484 K 
is 53 | 1542] 988 1226 946 3030] 873] 6773] 779] 8513 7 
. 54 | 1591] 9838] 3316} 945] 5059 872 6802 | 768} 8542 4 
f 55 | 1609 99987 | 3345[99944| 5088 998700 6831 [99765| 8571 ; 
4 56 1629 987 3374] 943] 57869 6860 764 8600 4 
A 57 1658 986 3493] 942 5146 867 6889] 762 8629 3 
1 58 | 168; 986| 3432] 941} 5175| $866] 6918| 760 8658 4 
£ 59 | 1716] 285 3461] 940| 5205| 864 6947} 758 8687 ay 
4 NM. |N.cof. IN. fine. N. coſ. N fine N. coſ. IN ſine N. coſ. IN fine N. coſ M. | 
| | 899 889 | 852 | 86 | 


Tasre VIII. 


Or NATURAL SiNts. 


—ͤ — —— —— 
| 50 6 | 7 | 80 | 1 
Nſine Ncol. N {inc N col. I nne Neu. N ine N.cut, Nene N. co! M. 
871699619 1845565475 12187]99255|13917|99027|15643|98769] 60 
8745 617 482] 449] 216} 251] 946] o23] 672] 764] 59 
8774 G14] girt| 446] 245] 245] 975] 19] 701 760 58 
| 8803 G12 5400 443] 274| 244|140c4| ors| 730 755] 57 
$831 | 609 369 440] 302] 2400 033] oli] 758] 751 56 
8860] 607 | 597] 437] 331] 237; 61] oo 787] 746} 55 
8889 604 626 434] 360] 233 ogo] oo2| 816 741 54 
891899602 |10655 99431112 3891992 30 141i9|98998|15845|98737] 53 
3947 599 684 428] 418} 226 148] 994] 873) 732] 52 
8976] 596! 713] 424] 447] 222 177] ggo| gozj 728] 51 
goo5 | 594 | 742} 421] 476] 219] 205] g*6| 931] 723] 50 
9034 591 | 771] 418] 504 215 234] 982] 959% 715] 49 
9063 3588 8090] 415] 533 211; 263] 9780 9880 714 48 
9092 99586 10829099412ʃ12562/9920814292989730160 17908709 47 
91210 583 858] 409 591] 204} 320] 969] o46| 704] 46 
9150] 580] 887] 406] 620] 200 349] 965] 74 700 45 
9179 78 916] 402] 649 197] 378} 9610 103] 695] 44 | 
9208 575 945] 399] 678] 193] 407] 957] 132] 690 43 
9237 $572 | 973] 396] 706| 189] 436] 953] 164] 686 42 
9266 [99570 |[11002[99393]12735|99186|14464|[98948| 161 89]g98681]} 41 
9295| 567 631] 390] 764] 182| 493] 944] 218] 670} 40 
9324] 564| 060 386] 793] 178] 522] g4qo| 246] 671] 39 
9353] $562| o89} 383] 822] 175] $31] 9360 275] 667] 38 
9382] $559] 118] 380] $851] 171] $80} gzi| 304| 662 37 
9411] 556| 147] 377] 880] 167] 608| g27| 333] 657] 36 
9440 199553 |11176199374|12908[99163[14637|9892 3| 16361198632] 35 
9469 551] 205] 370] 937] 160| 666 gig| 390] 648] 34 
9498 548] 234] 367] 966] 156| 695] 914] 419] 043] 33 
9527 545] 263] 364] 995] 152 723] glo| 447] 635] 32 
9556| 542 291] 36013024] 1480 752] 906] 476] 633 31 
2885 32 357|_053] 144|__781] goz] 305/529]. 30 
9614 199537 | 11349(99354|! 3981[99141|14510198897|16533]98624] 29 
9642 $534] 378] 351] 110] 137] 838] 893] $62] 6191 28 
9671] 531 407 347] 139] 133] $67] 889] 5910 614] 27 
9700 528 436] 344] 168] 129 896| $884] G2o| 609 26 
9729] 526] 465] 341] 197] 125 925] 880] 648] 604] 25 
9758| 523\_494| 337] 226| 122] 954| 876] 677] 6 24 
9787 [99529 ,11523/99334[13254{99118|14952198571116706[95595] 23 
9816] $17] $52] 331] 283] 114|15011] 867]. 734] $go 22 
9845 514] $580] 327] 312] 110 040] 863] 763] $85] 21 
9874] 511} 6 324] 341] 106] o6y| 858] 792] $80} 20 
9903 508] G38] 320] 370] 102] 097; 854] 8200 575] 19 
9932 | 506| 667] 317] 399] ogs8| 126 $849] 849] 570] 18 
996199503 1169599314/13427 9909451558845 1687898565 17 
9990 500] 725] 310] 456] ogi| 184] $41] 9060 561 16 
10019 497] 754] 307] 485] o87] 212] $36] g35] 556} 15 
10048] 494| 783] 303] 514} o8z] 241] 832] g64| 551] 14 
10077 | 491| $12] 300 543] 079 270] 827] 992] 546] 13 
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TABLE IX. PROrORTIONAL LOCGARITHMS. 


— — — 


—— — 3ꝙ3— — 


h bi h 455 An 1 1 1 4 t 2 
S flies 1919 1920 (121 [1922 923 12412/126127“ 028˙ 129 8 
© } 3632| 3576| 3522] 3468} 3415] 33620 33100 3259] 32080 3158] 310560 3059 * 
111435 2575 3521 3467] 3414} 33610 3309 3258] 3207] 3157 3107] 3058 C0 
”F 2 | 3630 3574] 3520 3466] 3413] 3360| 3308] 3257] 3206| 3156| 3106 3037 E” 2 
|" -3 | 3629 3574) 3519 3465] 3412] 3359] 3397] 32560 3205 3155 z1os| 3036 a 
|| 4 | 3628) 35723 3518] 3464] 3411] 3358] 3306] 3255] 3204| 3154| 3105 3056 x 
\ $5 | 3627] 3572 357 3463] 3410] 3358] 3306| 3254] 3203) 3153 3104 305; Fw 
6 | 3626] 3571, 3516| 3463] 3409] 3357] 3395| 3253] 3203| 3153 31030 3054 6 
7 | 3625] 3570 3515] 3462] 3408] 335% 3394] 3253] 3202| 3152] z102| 3053 | 7 
| 8 | 3624| 356% 3514] 3461] 3407| 3355] 3303] 3257 3201] 3151] 3101| 3032 | 8 
. 9 | 3623) 3568 3514 3460 3497 3354 3392] 3251] 3200| 3150| 3101] 3052 9 
10 | 3622] 3567] 3513 3459| 3406 3353 33010 32500 3199 3149 3100| 351 Ml 0 
11 | 3621} 35660 3512] 3458] 3405| 3352] 3300 3249 3198/3148 3099 3050 W| *' 
| 12 } 3621] 3565] 3511] 3457] 3404| 3351] 3309} 3248} 3198 3148 3098 3049 12 
' 13 } 3929] 3564] 3510/3456 3403| 3351] 3299| 3247] 3197| 3147] 30997] 30% WM| 13 
| 14 | 3919} 3563] 3509| 3455| 3402] 3359] 3298 3247] 3196| 3146 3096] 3047 | WM '4 
B ie 3563] 3508] 3454| 3401 3349] 3297 3246 3195] 3145 30960 30% WM '5 
16 361.3562] 3507| 3454] 3400 3348] 32960 3245] 3194] 3144 3095} 3040 6 
17 Þ| 3616] 3561] 35060 3453] 3400 3347] 32950 3244] 3193] 3143] 3094] 3045 17 
38 | 3615] 3560| 3506| 3432] 3399 3346| 3294] 3243] 3193 3143] 3093 Io, 
19 Þ} 314) 3559] 3595| 3451] 3398] 3345] 3294 2 4 3992 
200 | 3613] 3558] 3504| 3459| 3397| 3344] 3293 3241] 3191 3141} 3097 
213612 3557] 3503] 3449] 3396| 3344| 3292| 3241] 3190| 3140 3091 
22 | 3611} 3556| 3302] 3448] 3395| 3343] 3291 3240 3189 3139] 3090 
23 | 3619} 3555| 35091] 3447] 3394| 3342] 3290| 32 39 3188| 3138| 3089 
24 } 3610| 3555] 3500] 3446| 3393| 3341] 32%9| 3238} 3188, 31380 3088 
25 3609 3554] 3499] 3445| 3393| 3349] 3288| 3237] 3187] 3137] 3087 
26 | 3608| 3553] 3498] 3445 3392| 3339} 3287| 3236| 3186| 3136 3086 
27 | 3507] 3552 3497| 3444] 3391] 3338] 3287] 32360 3135| z3135| 3086 
23 |} 3606] 355 3496| 3443] 3390 3338] 3286| 3235} 3184| 3134 3085 
— 29 1_395|_3559|_3496|_3442| 3389] 3337] 3285] 3234] 3183 3133] 3084 
30 | 3604) 3549] 3495] 3441| 3388] 3336} 3284] 3233] 3153] 3133] 30583 
12 35030 3545] 3494] 3449| 3337] 3335} 3283] 3232] 31820 3132 3082 
| 3? 3502 3547 3493/3439 3386| 3334| 3282] 3231] 3181] 3131) 3082 
| 33 | 3601] 3546| 3492] 3438/3386 3333] 3282 3231] 3180 3130 3081 
34 | 3609] 3545] 3491] 3438| 3385] 3332} 32810 3239] 3179 3129 3080 
35 |] 3599] 3544] 3490] 3437| 33%4| 3331] 3280] 3229} 3178] 3128| 3079 
36 } 3593] 3544| 3489] 3436| 3383] 3331] 3279] 3228] 3178] 37280 3078 
| 37 | 3597] 3543] 3488] 3435] 3382| 3330 3278] 3227] 3177] 3127 3078 
35 | 3596] 3542] 3487] 3434| 3381] 3329] 32774 3226] 3176] 31260 3077 
q\__39 1_3596| 3547] 3487] 3433] 3380| 3328 3276] 3225} 3175] 3125] 3076 - 
49 | 3595] 3540) 3486] 3432| 3379] 3327] 32760 3225} 3174/3124 3075; 
41 } 3594] 3539! 3485/3431 3378] 3326} 3275! 3224] 3173] 31230 3974 
| 42 } 3593] 3538| 3484] 3431] 3378] 3325] 3274] 3223} 3173] 3123] 3073 
| 43 }| 3592] 3537\ 3483] 34300 3377] 3325} 3273] 3222] 3172] 3122] 3073 
\ 44 35910 3536| 3482] 3429 3376 3324 3272] 3221] 3171] 3121 3072 
' 45 | 3599} 3535| 3481 3428| 3375] 3323] 3271] 3220] 3170] 3120] 3071 
| 46 3589 3534| 34800 3427| 3374] 3322] 3270| 3219] 3169 3119 3070 
47 | 3538} 3533] 3479] 3426| 3373] 3321] 3270] 3219] 3168| 3179 3069 
\ 45 | 3587] 3533] 3479 3425| 3372] 3320] 3269 3218] 3168| 3118 3069 
' _49 | 3586} 3532 3478] 3424! 3371] 3319} 3268| 3217] 3167] 3117 3068 £ 
150 35850 3531! 3477 3423 3371] 3318} 3267] 3216] 3166| 3116 7 
| 51 } 3585] 3530! 3476| 3423 3370] 3318] 3266 3215] 3165 3115] 3066 | 
52 3584 3529 3475] 3422 3369 3317] 3265] 3214] 3164| 3114| 3065 | 
533 | 3583} 3525, 3474] 3421] 3368033160 3264| 3214] 3163] 3114| 3064 | 
5+ 3582 3527! 3473] 3420] 3367] 3315| 3264) 3213] 3163] 3113] 3064 : 
55 3581] 3526! 3472 3419 3366 3314] 32630 3212] 3162] 3112 3063 ; 
6 © 6 3580} 35250 3471] 3418\ 3365] 3313] 3262] 3211] 3161 3111] 3062 ; 
| $7 | 3579} 3525] 3471] 3417] 33650 3313] 3261] 32100 3160| 3110| 3061 
58 } 357%} 3524/3470 3416} 3364| 3312] 3260| 3209] 3159| 3109| 3060 
59 | 3577] 3523| 3469) 3415] 3363] 3311] 32590 32090 3158 3109 3060 * 
60 35760 3522 3468} 34151 33621 3310 37391 3208 3158] z108i 3059 : 
— — = — 
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TABLZ IX. PRorog row AL Log ARITHMus. 


F 4 h 1 
8 10 56/119 57 1 58/11® 39/%/0 f [22 1 [22 2 
W | 1908] 1871 1834] 1797] 4761] 1725] 1689 
1 1907} 1870) 1833) 1797] 1760 1724] 1638 
2 1907] 1870| 1833] 1796] 1760| 1724] 1688 
3 1906| 186g) 1832) i795] 1759] 1723] 1687] 1652] 1617 {| 
4 1906 1868 1831] 1795] 1758} 1722] 1687 1650 1616 Þ 
5 1905} 18680 1831] 1794] 1758] 1722] 1686} 1651] 1616 
6 1904 1867] 1830] 1794] 1757] 1721] 1685| 1650] 1615 | 
7 1904 1867 1830 17931 1756 1721] 1685 1650] 1614 | 
$ 1903 1866| 1829 1792] 1756 1720] 1684] 1649] 1614 
9 1903] 1865 1828] 17924 1755 1719 16384; 1648] 1613 
10 1902 1865 L300 1791] 1755] 1719] 1683] 16480 1613 
11 19010 1864 1827] 27910 1754] 1718] 16630 1647] 1612 
12 1991] 1863] 1827] 1790 1754| 1718] 1682 1647] 1612 
13 1900| 1863 1826 17891 1753] 1771681 7646] 1611 
14 1899 1862] 1825] 17891 1752] 1716 1681 16451 1610 
15 1899] 1862 1825 1788 1752] 1716] 1689} 1645] 1610 
16 1898 1861| 1824] 1787] 1751] 1715] 1680 1644] 1609 | 
17 18980 1860 1823] 1787] 1751] 1719] 1679 1644] 1609 
18 1897 1860 1823] 1786] 1750 1714] 1678] 1643] 1608 
'9 1896] 18539] 1822 1786] 1749} 1713! 1678] 1642 1607 
20 i896] 1838} 18220 1785] 1749] 1773} 1677] 1642] 1607 
21 1895 1858] 1821] 1785] 1748] 1712] 1677] 1641] 1606 
22 i894} 1857] 1820] 1784] 1748] 1712] 1676] 1641} 1606 
23 1894 13857] 1820 1983 1747] 1711} 1675} 1640| 1605 
| 24 1893 1836] 1819 1783 1746] 1711] 1675] 1640] 1605 
| 25 1893} 1855] 1819] 1782] 1746 1710] 1674] 1639] 1604 
| 26 1892] 1855] 1818] 1781] 1745] 17099} 1674] 1638] 1693 
27 1891] 1854} 1817] 1781] 1745] 17099] 1673] 1638 1603 
28 1891] 1854] 1817}, 1780] 1744 1708, 1973] 1637 1602 | 
29 1890 1853/1816 1780 1743] 1798] 1672] 1637} 1602 
30 1889 1852] 1816 1779] 1743] 1707) 1671) 1636| 1601 
71 1889 1852] 1815] £778] 1742] 1706 1671; 1635 1600; 
32 18880 1851] 1814] 1778] 1742] 1706; 1670] 1635 1600 
ll 33 1888; 1850] 1814] 1777] 1741} 1705] 1670] 1634] 1599 
ll 34 1887 1850] 1813] 1797] 1740] 1705] 1669 1634] 1599! 
| 35 1886} 1849} 1812] 1776] 1740 1704; 1668] 1633] 1398 
36 1886] 18490 1812] 1775] 1739] 1703] 1668] 1633] 1598 
| 37 | 1960] 1922| 18850 18480 1811] 1775] 1739] 1793] 1667 1632] 1597 
38 1960 1922] 1883] 1847] 1811] 2774] 1738] 1702} 1667 1631 1596 
39 | 1959, 1921] 1884} 1847] 18100 1774] 1737] 1702] 1666 1627, 1596 
40 1958 1921] 1883) 1846} 180g] 1773] 1737] 1701] 1665| 1630 1595 ; 
41 | 1958, 1920] 1883| 1846| 1809] 1772] 1736} 1700| 1665] 16300 1595 
42 1957 1919| 1882 1845| 1808] 1772] 1736] 1700] 1664 1450 1594 
43 1956] 1919 1881] 1844] 1808 1771 1735] 1699] 1664] 1624 1593] 
| 44 | 1936! 1918 1881} 1844] 1807] 1771] 1734} 1699] 16631 16280 1593 
| 45 1955 19180 1880} 1843] 1806 1770] 1734 1698] 1663 1627] 1592 
| 46 | 1955] 1917] 1879] 1842] 1806] 176g] 1733] 697] 1662 1627 1592 
| 47 1954 19160 1879] 1842} 1805] 176gf 1733] 1697] 1661] 1626 1591 
48 i953] 1916] 1878| 1841] 1805] 1768] 1732| 1696 16610 1626 1591 
49 1953! 19r5| 1878] 1841] 1804} 1768] 1731] 1696| 1660! 1625 1590 
50 | 1952| 1914 1877] 1840] 1803] 1767] 1731, 1695] 1660, 1624) 1589 
1951] 1914 1876] 1839] 1803] 1766] 17300 1694 165g 1624} 1589 
1951] i913] 1876] 1839] 1802] 1766] 1730 1694] 1658 1623! 1585 
1950 1912! 1875; 1838] 1801] 1765] 1729] 1693] 1658, 1625 1588 
1950 1912 1875] 1838] 1801] 1765] 1728 1693] 1657 1622 1587 
1949] 1911) 1874] 1837] 1800] 1764] 1728; 1692} 1657 1621, 1587 
1948 1911} 1873] 1836! 17 1763] 1727; 1691] 1656 1621 1586 
1948] 1910 1873 1836] 1799] 1763] 1727] 1691; 1655; 1620; 1586 
1947] 1999] 1872) 1835] 1798] 1762] 1726 1690 1655 16200 158; 
1946] 1909] 1871] 1834] 1795} 1761] 1725 1690 1654, 1619 1584 
19461 1908 1871 1834] 1797 1761 1725| 1689 1654 1619 1584 


— 2 — — 
| h / h / 
| 8 29 gf 20 6 
0 15840 1549 

1 1583] 1548 

2 1582] 1548 

3 1582] 1547 

4 1581] 1547 

5 1581] 1546 

6 1580] 1546 
7 | 1589} 1545 

8 1579 1544 

9 1578] 1544 

10 | 1578] 1543 

it } 1577] 1543 

12 1577] 1542 

13 | 1576| 1542 

14 1575 1541 
15 1575] 1540 
16 1574] 1540 
"#F 1574] 1539 
18 | 1573] 1539 
19 1573] 1538 
20 | 1572] 1538 

21 1571] 1537 

22 1571] 1536 

23 | 1570] 1536 
24 1570 1535 

25 1569} 1535 
26 [1569 1534 

27 1568] 1534 
28 1567] 1533 

29 | 1567] 1532 

30 15660 1532 

| 31 15660 1531 
| 32 | 1565] 1531 
| 33 1565] 1530 
| 34 | 1564] 1529 
2 1563} 1529 
| 36 1563] 1528 
37 1562] 1528 

38 1562] 1527 

39 1561] 1527 

40 | 1560] 1526 
41 |} 1560} 1525 
42 | 1559} 1525 
43 1559] 1524 
44 | 1555} 1524 
45 15580 1523 
46 | 1557] 1523 
47 |} 1556] 1522 

48 | 1556] 2522 
49 1555] 1521 
50 15550 1520 

51 1554 1520 

52 |} 1554] 1519 

FD + 15531 1519 
54 1552] 1518 

55 1552] 1518 

56 1551] 1517 

57 15510 1516 

58 15500 1516 

| 59 1550] 1515 
| 60 1549 1515 
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h * 
20 100 
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1145 1114 1083 1032 | 1021 991 901 931 901 | 1 
11451113 1082] 1051 | 1021 990 5% 930 9004 414 
I144 1113 1082 1051 | 1010 3 960 939 990 | 4 
1143] 1112 | 1081] t050, 1020 ogg 5979 0929 | 089 | 
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3 | 78} 8439] $19} 799] 762) 733; 704| 676] 648] 620 
4 | $75] $48] 819] 7900 761] 732]. 704| 676| 648] 620 
s | *77} 848] 818] 789] 764] 732| 703] 675 647] 619 
6 | 977] 847] 818] 789} 760 731 703 675 647 619 
ö 876] 847] 87 7887 731] 702 674] 646] 618 
; | 876| 846) 8r7| 788] 759| 7300 702} 674 646 618 
@ |__875} _$46| 816| 787] 759] 23e 702] 673] 645] G17 
10 | o875;] o845| o816| 0787| 0758| 0729| o701| 8573 0645 0617 
x | 874} 845] 815] 787] 758] 729] 701] 672] 644] 616 
12 874] $44] 15] 786] 757] 729] 700 672| 644] 616 
13 | 873] $844| 814] 786] 757 728] 70 671] 643] Gr; 
| 24 873] $43] $14| 785] 756| 728] 699| 671} 643] 615 
IT 872] 843] $14] 785] 756| 727 699| 670 642 615 
13 872] $42] 813] 784] 755] 727] 698] 670 642| 614 
17 $71] $42] biz| 784} 735] 726] 698] 66g] 641] 614 
| 18 871 | 841] $12 783} 754 726 697 669 641 613 
19 870 $41] $12] 78z] 754] 225 697] 669 64 613 
|" 2o | o850| 0840| 0811 | 0582} 0753] 0725! 5695 0568 | 0640 5572 
| 21 | 869 840 $811] 782 [ 753} 724| 696| C68| 640| G12 
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1 867} 838] 8og 780] 751] 722 694] 666 638 610 
26 | 867] 837] 808 729 759] 722 693 665 637} 609 
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| 38 86x] 832] 802| 773 745} 716] 688] 660 632 604 
| 39 860] 831] 802 773] 744] 716| 687 659 631] 603 
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43 858] 829 800 771i] 742] 774] 685 657] 629] 602 
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46 857] 828] 799] 770] 741] 772 684] - 656 way | - "200 
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| 52 854] $25] 796| 767] 738] 710| 681] 653 625] 597 
53 854] $24] 795] 766] 738] 709 681[ 653] 625} 597 
| 54 | 353] 824| 795] 766] 737] 70 680 652 624| 596 
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TaBLE X. For computing the Effects of Parallax on the Moox's Diſtance 
from the SUN or a STAR. 
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TABLE X. For rere the Effects of Parallax on the Moo, 
ro 


Diſtance from the Sux or a STAR. 

_ A CEIIIES 

4 8 | 

2 = Apparent Diſtance. 

48 Add the Difference of the two Numbers taken out of this Table, if the 

5A Apparent Diſtance is leſs than 909, and ſubtract it if above. 

fa — | 0 4 6 | GY , 

E 2|26* | 25® | 289 | 290 300 | 31 3a [_a3n 130-1392 | 30-1-27* | 1401 

| "M | tt * e TEM. 77 C 7 7 | — 

r 4-0-1. 0 wr > #4. "7 
8 1 | 1 l 1 I I 1 1 1 1 © 0 
10 2 2 2 l l l 1 1 1 1 1 1 
11 2 7 2 2 2 2 2 I 1 l I 
12 3 2 2 2 2 2 2 2 2 2 2 I l 
13 3 3 3 3 2 2 2 2 2 2 2 2 2 
4. „ $.--$5---$$: 9 3 2 2 2 1 
15 4 —— 4 4 3 3 Z 3 3 3 3 ” 2 
16 R 4 3 3 3 3 2 2 
17 61-37 Ne: $4 -: 04:8 4 4 4 4 3 „ 
18 6-0-0 24-5044 5 4 4 4 4 +131 
D 5 5 5 5 4 4 4 4 
20 7 7 7 e 6 5 5 5 5 + 4 
21 od of 0 $1.: 41: $þ-:6 6 6 5 5 „ 
, 24+ 4-413) 
23 . 7 7 7 6 6 84 27 
24 i, oY 7 8 8 7 7 7 7 6 6 

neee 9 9 r 2 
26 } 12] 11] 11] 100 xa 9 9 9 8 8 7 7 
27 e 101 10 10 9 9 8 4 
28 e 11 11 10 9 9 8 $ | 
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30 16 15 15 14 14 13 13 12 11 11 10 10 
31 15 16 16] 15] 1514 14 13 12 11 11 
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TABLE X. For computing the Effects of Parallax on the Moox's 
Diſtance from the Sox or a STAR. 


. 4 — — 
— —— — — — — --- — 
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2 4 Apparent Diſtance, 
2 Add the Difference of the two Numbers taken out of this Table, if the 
18 Apparent Diſtance is leſs than 90, and ſubtract it if above, | 
* be 
1929 ze | | 
£2 399 4099 | 41® | 420 4 449 | 45? | 46® 472 | 489 49? | 50⁰ | 310 
7 7 12 77 7 . C | 
"$4.01 4. 1-9 0 ©) 0 0 © © 0 o | © 
8 0 0 O 0 0 O 0 O © 0 0 0 0 
101 1 1 I 1 E I I I 1 0 0 |! 
prod KAT" 1 I 1 I I 1 I I I 1 9 0 J 
12 l I I I I 1 I I I I 1 0 2 Mt 
13 | $181.38 2 l I I I I I 1 I Ma 
ig | 2 2 2 2 2 2 8-19 1 I I I 1 i Win! 
15 2 2 2 2 2 2 2 2 2 I I I I 43 
R 2 2 84-0 2 2 2 2 I bil. 
HH 3-33 3-4 44341 +4: 81-8 26 
T 3 3 3 3 2 #1] 2 2 1 
194 3 3 3 3 3 3 3 3 3 3 3 3 NM! 7 
nennen 1 
| 21 5 4 4 4 4 4 4 4 4 3 3 3 3 il! | 
n.1-27- 31 34-3 | -4 4 4 4 4 3 3 3 3 "MM 
SESL23T-F-$14-$-:1-5.1-4:1-4 Fe +ts E592 4:4 Jt 
SEL IFESEFS 12-1345 3 6]4-:4-4 4.4 16 
nene nene Jt 
L791 943 31.019 7 7 7 7 6 6 6 6 1 
9-1 EF 9 P1-%:5-:8 7 7 7 7 6 6 6 | 6 "MN, 
[| 91 91-91: 94 8 8 8 84 7 7 6 6 4 5 
31110 1010 9 9 8 8 8 8 7 7 - 6 ] 
32 | 10 101010 9 9 9 9 8 8 5 6 N 
33 i010 10 9 9 8 8 7 7 1 * 
L365 98:1 30] 32718 7 23S 10 lo 10 9 9 8 | $ 7 1 
KAnn | 26 [10 j- 6 "SW. 8 8 409 
36 | 13 | 13 | 13 | 12 | 10 11 11 11 10 10 9 9 9 * 
37 {14 | 13 | 33 1] 13.]- 28 11 11 11 10 10 Io | 10 | 10 F 
[| 38] 15 | 14 | 14 | 13 | 13 12 12 12 12 11 11 11 11 Fs 
[39-1310 1 1$.1 38 114 |: ag | 23.4 235 33.4 13 j: 13] 12. | n5 þ 31 1 
D , 1:22 3-24 þ 
41 | i8 | 15 | 19 | 16 15 15 14 14 14 13 131 12 bf 
421918181716 15 15 15 14 14 F " 
43, 20 | 18 | 18 | 17 | 16 16 15 15 14 14 13 13 3 44 
44 | 20 | 19 | 19 | 18 17 16 16 16 15 15 14 | 13 13 1 * 
45 | 21 | 20 20 | 19 | 18 17 17 16 = 15 nn + 
146 22 212020 19 18 9 16 16 15 14 14 [ft 41 
L271 23-1 224 1.28. 123-130 20 19 | 38 17 16 15 15 15 |} Wl 
| 48 *4 | 33. ]-233. | 23 j 22 21 20 | 19 18 17 16 | 16 16 | ot. 
9 26 | 24 | 24 | 24 | 23 22 21 20 19 18 17 17 17 if 
$0127 |26| 26 [25] 24 | 23 | 22 | 2: 20 9 | 18 | 18 | 18 1 10 
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14.232133. 16 18.51] 9. 29K. 18 [13.23 27.28 23. 16 

45 <$+ 23. 1318.37 9. £12.41 [13-43 21. 30 23. a 

15. % 1 9. 23] F. 47]3- 4 114. 2 21.4823. 
22. 2 18. 81 8. 25 PER IB. 


TABLE XVII. 


1 


07 171 
SUN's DE CLINAT ION 
For the Years 1794, 1798, 1802, 1806. 
Euch being the ſecond after Leap-Year. 
13 N _ 2 
Jan. Feb. raid April| May | June July | Aug. * Oct. ln 
South|Soulh South North Nortli North North, North] North South [South |South 
© WNW —̃ !— — — — — | — 
I 22, $8116. $717.23 | 4.44015. 142. 823. 6017. 5608. 8 | 3.2214. 37]21.5 
; 2 22. 5316. 397 5. 7/15. 3t|22. 16023. 217. 417. 46 3. 4514. 56021. 
3 22. 4716. 216. 37 5. 30115. 4922. 23022. 577. 257.24 | 4. 915. 142.1 
| 422. 41016. 316.14 $+ $3116. 0622. 30022. 52 17. 907. 2 | 4. 32015. 3302.2 
5 22. 34|15- 4515-51 | 6.16116. 24/22. 37122. 461 6. 5316.49 | 4. 55115. 5722.2 
6 22. 2715. 275.27 | 6. 3916. 40022. 4322 4116, 3716. 17 5.18116, 972.3 
7 22. 19]15. Bs. 4 | 7. 116. 5722. 49]22. 3416. 205. 55 | 5-41]16, 27]22.48 
8 22. 1114. 49]4-49 | 7.24|17-13|22. 54[22.27|16, 35. 32 | 6. 4116. 4422-41 
9 22. 214. 304. 17 7. 46117. 292. 5922. 2001 58. 46/5. 10 6. 37117. 22.5 
1e z. 53114 10] 3- 54 8. 8117. 45123. 4122-13 15.284. 47 6. 5017. 19]22.5 
11 21.44/13. 503.3 8. 3z0[ 18. 13. 8022. 5/15. 104.24 1.13117. 3563, 4 
0 | 12 21. 34 13. 30 3. 6 | 8. 52118. 16/23. 12]21, $7114. 52 4. 1 7. 35117. $1123. # 
13 21. 2413. 1002. 43 | 9.1418. 3912 3- 15121. 48114. 343. 38 | 7. 58118, 7123-11 
14 21.1312. 502. 19 9. 35118. 4523. 18021. 3914. 15 3. 15 8. 20018. 2323-10 
15 21. 2 12. 291. 56 9. $7118. 592 3. 21021. 29]1 3. 57 2. 52 8. 41118. 380 
16 |20. 5012. B81. 33 „ 130 3. 23021. 2001 3. 382. 29 | 9. 4118. 53073. 
17 (20. 38 11. 4701. 8 |ro. 3919. 2623. 25021. 913. 19/2. 6 | 9. 269. $232 
18 20. 261126 0.45 fl. of19. 402 3. 2620. 59012. 591. 42 9. 48119. 22 23.2 
19 20. 1311. $10.21 1. 219. 52/3. 27/20. 48012. 401. 19 [10. 101g, 3612 3-21 
20 120. 1110.43 o. 3N[11.41 20. 05123, 28120. 37412. 2010. 56 10. 32 19. 5023-2 
27 19. 47 10. 2210.27 12. 220. 17/3. 28020. 2512. ſo. 32 (10. 53/70. 33-1 
22 19. 33 10. ſo. 30 2. 22020. 29/23. 28020. 1301. 4eo. 9 11. 14/20. 16123. 
23 19.199. 3811.14 }12. 42120. 41023. 2720. 111. 19 . 1581.35 20. 29]2 3-21 
24 19. 5 9.161. 37 13. 1020. 5223. 2619. 48010. 590. 38 |11. 56/20, 4123-7 
25 18. 50 8. 5302. 1 13. 2101. 323.2419. 46010. 3801. 2 12. 17/20. 53137 
26 18. 35 8. 312.25 3. 40021. 13/23. 22119, 22010. 17/1. 25 12. 38021. 4,73. 
27 [18.19 8. 82.48 13.591.233. 2019. 9 9. 5601. 49 12. 58/21. 1577 
28 [i8. 3 7.450311 14.182133½23.17J18. 55 9.350212 1. 18. 2614 
29 17. 47 3.35 14. 3721. 42/23. 16018. 41] 9.1302. 36 13. 3821.3 27 
30 7. 30 3 58 [14.55 21. 51123. 101 8. 26| 8. 522. 59 13. $821. 45% 
| z! 17 14 421 ? 22. 18, 12 8. 10 14.17 23. 
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Vece 


Neve 
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Ober 
Septemb 


Tan, XVIII. For reducing the Sun's Drei. as given in the N. A, for Noon at 
GRABEN tO any other lime under that Merid. or to Noon under any other Meri, 
Tin. Sub.af . U. Nu. u. M. 1. Uu. V. TS 7. N 
. KH. N. Add 44444 8 o. 40 1. 0ſt. 2. 40| Add bef.N 
. Fal in W, Sub. in, 
Sub, in E. Add in K.\5Deg. 10D 15D. 40D. Add in E. 
Tins: -. Days. M. 8. N.. . 14 5. „I. s M. s. Days. 
December 210 Decem. 21] ©. 0/0. 0/0. Glo. © oN o. of21'fune 2 
20 22] ©. oſo. 1ſo. 1o. 1iſJo. 210; o. 3122 
19 23] ©. oſo. 110. 20. 2 O, o. 6123 
18 24] 0. 10. 2/0. 310. 4%. Ofo. o. 9124 
17 25 0. 1|0. 310. 40. 6 o. o. 1225 
16 26] ©. 219. 40. $10. 710. go. 0.15126 
15 27] O. 219. 519. %. 8 o. 50. 1827 
14 28] o. 30 6ſ0. 7ſo. 10 o. 0.21128 
13 29 0. 319. 740. 90. 12 O. 0. 24129 
12 30. 8. 310 JP. 1010. 13 0. 0. 27 30 Jun 
11] Decem, 31 40. $80. 11ſo. o. 30] 1 
10 Jun. 1 40. 8 o. 1210. o. 32] 2 
9 2 40. 80.130. o. 35] 3 
$ 3 £10. 90. 140. 0. 4 
7 4 n 50. 100. 150. 0.41] 5 
6 5| ©. 510.1110. 160. lo. 44] 6 
5 61 o. 611. 1200. 170. 0.47] 7 
4 7 610. 1200. 180. o. 408 
3 8 60. 1300. 19ſo0. 0.52] 9 
2 9] 0. 7 0. 1410. 2010. 0.55110 
December 1 10 710. 14%. 210. 5. 57 11 
November 30 11 710.1510. 22[0, 1. 0112 
12 8 Jo. 160. 230. 1. 3113 
13 $10. 1600. 240. 1. 6114 
14 $109. 1710. 2510, 1. $1:5 
15] o. 9ſo0. 180. 260. 1.11116 
16] 0. 90. 1800. 270. 1.13117 
17] o. 910. 190. 280. 1.16118 
18] o. 1010. 20ſo. 29[0. 1.19519 
19} 0.10 ©, 20e. 30 O. 1. 20120 
200 o. 100. 2100. 31 1.22121 
21 o. 2200. 32 1.25122 
22 O. 22109, 33 1.2823 
23 O. 2319. 34 1. 30 24 
24 0. 230. 34 1. 32 25 
25 o. 2400. 35 1. 35026 
26 o. 2410. 36 1. 36127 
27 o. 250. 37 1. 39 28 
28 0. 260. 38 1. 41029 
Jan. 30 0. 2610. 39 1. 45131 July 
Feb, 1 o. 2710. 41 1. Fo 2-duguſi 
3 o. 2810. 42 1.53] 4 
5 o. 2919. 43 1.56] 6 
7 o. 3zoſo. 45 1.59} 8 
9 0. 310. 46 3010 
11 o. 3210. 47 6112 
13 o. 320. 48 9114 
15 o. 3310. 49 16 
17 o. 3410. 50 18 
20 o. 3419. 52 19121 
23 719+ 359.53 24 
Feb. 26 o. 36 4 54 27 
March 1 o. 370. 55 R 2. 28| z0 Auguſt 
4 o. 38[0. 56 I, 2, zo] 2 Scften. 
7 o. 38Jo. 57 1. 5 
10 o. 3819. 57 . 2. 34] 8 
13 o. 3910. 58 . 11 
16 o. 3910. 58 F 2. 30114 
19 d. 3919. 58 1 2. 361) 
e 2 59 I. 2. 36 20 
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Tas, XVIII. 


— At 


For reducing the Sux's Dreut v. as given in the N. A, for Noon + 
GxEFNWICH to any other Time under that Merid, or to Noon under any other Merid. 


34. IN H. M. 


— -- — 


II. N H. . u. M. u. N. M. M. u. M. A.M, 1 Add aft N 
vb. K,, N AAN 3. 0 3. 20 3-40| 4. 0 4-49 | 5- © | Addbef.N| Sb, N 
{dd inW.|Subints | | Sub. in W. Mie , 
\uh. in H. Addin F145 D.15o D. | 55D. 60 D. 70 D. 175 D. [Add in N. Sub. in ] 5. 
Days. Days. IN. s. M. s. I M. 3. M. s. M. 5. | M. 5. 4. Dart * 
Decem. 2 1[ Decem. 21] o. of ©. o] o. of ©. © o. ©| ©. oli June 21 June 5 
20 22] ©. 3] o. 3] ©. 4/0. 4 0. $] ©. $]22 20 
19 23] o. 6] o. 7] o. $8] 0. 9 0.10] ©.11|23 19 
18 24 0.10| o. 11 o. 12 0.13 o. 15 o. 1624 18 
17 25] 0.13] o. 1560. 16 0.18 o. 200 o. 2225 17 
16 26] 0.16] 0.18] o. 200 0 22 0.26] 0.27 [26 16 
15 27] o. 30] o. 22 0.24] o. 26 0.31] o. 3327 15 
14 28] 60.23] 0.25] 0.28} o. 31 o. 36] o. 3828 14 
13 29] o. 26 0.29] ©. 32] o. 35 o. 41 0.4429 13 
12 zol o. 30] o. 33 _o. 36 ©. 40 0.46] ©.50 3 June 12 6 
11] Decem. 31] ©. 33] o. 37 o. 40 0.44 0. 51 o. 55 1 July |11 | 5 
| 100 Jan. ©. 360 0.40] 0.44] 0.45 „ $91} 3. I] 3 10 
9 2] ©.39 0. 44 o. 48] 0.53 I. 871; 6}-$ 9 
8 3] 0.43] 0.48] 0.53] o. 5 LIED $07. 4 x 
7 45 ©. 46] o. 51 0.56] 1, 1 1.284 $.871]$ 7 | 
6 5] ©. 49] 0. 55] 1. of 1. 6 1.17] 1. 22 6 6 
5 6] o. 52 0.58] 1. 4] 1. 10 1.22] 1.27] 7 5 
4 71. $5] 1. 2] 1. 7] . 1.26] 1.32} 8 14 
3 8 0.58} 1. 5| 1.11] 1,18 1.31] 1.37] 9 3 1 
2 gf t. 2] 1. 8} 1.15] 1.22 1.36] 1.4310 2 
{Jecem. 1 to] t. 4 1.12] 1.19] 1.26 1.41] 1.4811 1 Jure Dect 
Nov. 21] 1, 7 1.15} 1.23] 1.30 1.451 1. 5212 31 May Vor 
2 12] 1.10] 1.18] 1. 260 1. 34 1. 50 1.5713 30 
28 13] 1.13] 1,22] 1. 30 1. 3% 1.5412. 2114 29 
27 14] 1.16] 1.25] 1. 34] 1.42 1.581 2. 715 28 
26 15 1.19] 1.28] 1.37] 1.46 8 ; 2. 12 16 27 
25 16] 1.22] 1.31] 1.40] 1. 49 2, 2.1717 26 
24 T7] 1.25] 1.35] 1.44] 1-53 2.12] 2.21118 25 
23 18] 1.28] 1.38] 1.47] 1.57 2.16 2.26 19 [24 | 
22 19] 1. 1.41] 1.51] 2. 3. . 2 | 
9 oy 41] 1.51 d a 2. 31 [20 3 | 
21 20] 1.33] 1.44] 1.54] 2- q 2.25 2.35121 22 | 
2 21] 1. 364 1.47] 1.57] 2- 2.29] 2.40 [22 21 
19 22 1 1 1. 50 2. of 2.11] 2. 2.33 2.44123 20 
18 23] 1.41] 1.53] 2. 4 2.15] 2.260 2.37] 2.48124 ['9 
17 240 1.43] 1.55] 2. 7] 2.18] 2.36 2. 41 2.52[25 18 
16 25] 1.46| 1. 58] 2.10] 2.21 2.3 2.45 2.56|26 17 
15 260 1.48] 2. 1 2.13 * 2.37) 2.49] 3. 1127 16 
14 27] 1.51] 2. 4] 2.16] 2. 280 2. 400 2.52] 3. 5428 15 
13] 23] 1.54] 2. 7 2,19] 2. 31 2.44 2. 56 3. 9129 14 
11 Jan. 30 1.58] 2.11] 2.24] 2.37] 2. 510 3. 4] 3.1731 J 12 
gf Feb. 12. 3 2. 17 2. 30 2.43] 2. 57] 3-1} 3.24 2 Aug. 10 
7 3] 2. 7 2.21] 2.35) 2.49] 3. 1 3-17] 3-32] 4 8 
5 5| 2.11] 2.25 2.4 2. 540 3. 9 3-23 3. 38 6 6 
3 72. 14 2. 29 2. 44] 2. 59 3. 14 3.29 3.44 8 4 
Nove 1 9 2.18] 2.33] 2.49] 3. 43. 19 3. 35 3. 50 10 2 May 
| 2 &4ober 30 11] 2.22] 2. 38] 2.53] 3. 9 3.25] 3-41] 3.5612 30 4pri 
| 28 13] 2.25] 2.41 2. 58 3+ 14] 3. 30 3. 46 4. 314 [28 
26 15] 2. 29] 2.45] 3. 2 3-18] 3.38 3-$1] 4- 816 [26 
24 17] 2.32] 2.49] 3. 5] 3. 22 3. 39| 3. 36] 4. 1318 1:4 
n 2. 360 2.53] 3-11 3.28] 3.45 4. 3] 4.2021 21 
18 23] 2.40] 2.58] 3.15 3-33 3-51] 4. 8 4.2624 | 
15 Fe. 26| 2.43) 3. 1] 3.20 3- 38, 3. 560 4.14 4.3227 
12 March 1 2. 460 3. 5 3.23] 3-42; 4. 1 4.19 4. 38 30 Aug. 
9 4] 2.49] 3. 8} 3.26 3-45] 4. 4423 4-43 | 2 Sept 
6 7] 2- $61 3-107 3-09 3-48| 4. 7] 4.260 4.45 3 
Offeber 3 100 2.53] 3-13] 3. 32] 3. 510 4.10] 4.29] 4.49| 8 
Sept. 30 1 2-55} 3-14] 3-33! 3.53 4-13] 4-32] 4.5117 
27 16] 2.56] 3-15] 3.34, 3-54, 4:14] 4:33] 4.8214 
24 19 2. 56 3.15] 3.35 35 4-15] 4+ 33] 4+52117 
I 21 22" 2.56 4-35 3-5 * 341 4.53120 


Tan, XVIII. For redacing the Sun's Drelix. as given in the N. A. for Noon at 


GrEENWICH to any other Time under that Merid. or to Noon under any other Merid 
— —— _ 


Aid aft. N Sub uff. N 
$ub.beff NIA ef N 
Add in. Sub. in W. 
5 ein F. Add in E 
1 Days. Days. 
| Decem. 2 1 Decem. 21 
20 22 
19 23 
18 24 
17 25 
16 26 
15 27 
14 21 
13 29 
6 12 30 
11 Decem.31 
10 Jan, I 
9 2 
8 3 
| 7 4 
6 5 
3 6 
N 4 7 
| 3 8 
2 9 
Decem, I 10 
Nov. 30 I1 
29 12 
28 13 
27 I 
26 4 
25 16 
24 17 
23 18 
22 19 
21. 20 
20 21 
19 22 
18 23 
17 2 
16 25 
15 26 
14 27 
13 28 
11 ; 30 
9 Feb 1 
7 3 
5 of 
Now, : 7 
Icreber 30 55 
28 
26 4 
24 17 
— Wl. 20 
18 23 
15 26 
Y March 1 
9 
6 3 
Os ber 3 10 
Her tem. 39 13 
27 16 
24 19 
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21 June 
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15 
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31 March | 
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For reducing the Sun's Ozcr.1n. as given in the 
Gurxenwicn to any ofher Time under that Merid, or to Noon unde 


TAB. XVIII. 

TL ape N, Sub. 275 "= N. Uu. M, 
N Add He NH 7.4018, © 
Ada inW.\Sub.in #1 P D 
Sub. in K. CI FE. 115 | 120 
Davs. Days. M. 8. [M. 8. 

Decem. 21 Decem. 21] 0. of o. © 

20 a2 o. 90. 9 
19 23] 9.171 0.1 

18 24] 0.25] 0.26 

17 25| 0.34] 0.35 

16 26] 0.42] 0.44 

15 271 C. 51 0. 53 

14 280. 7 

13 29] 1. 8] 1.101 

l 2 zo] 1-16] 1.19 

D 1.24 1.28 

10{ Jan, 1] 1-33] 1.37 

9 2]- 1.42] 1.46 

8 31 1-49] 1.54 

7 4 1. 58 3. 3 

6 312. 52.11 

5 61 2.14] 2.20 

4 | 2.22\| 2.28 

3 2. 29 2.36 

ad 9J2:37]_2-44 

D: - A. 10 2.451 2. 52 

Noe 30 111 2.52] 3. © 

29 12] 3. o 3. 8 

28 13] 3. $] 3.16 

: 14] 3-15] 3-24 

26 15] 3.22 3.31 

25 16] 3-30] 3. 39 

24 I7] 3-37] 3. 46 

23 18] 3: 44] 3- 54 

22 19 3 51 4+ I 

21 20] 3-58] 4. 8 

20 21] 4+ 5 4.16 

19 22] 4-12] 4.23 

18 23] 4.19 4. 30 

17 24] 4.2 4.36 

16 25 4-31] 4.43 

15 260 4-35] 4.50 

I4 27] 4-43] 4-56 

13 28] 4. 50] 5. 3 

11 Jan. zo] 5. 2 $-15 

9 Feb. 1 5. 13] 5. 27 

7 3] 5-24] 5-38 

5 51 5+ 34] 5-49 

3 7] 5-44] 5-59 

Novem. | 91 5+53] ©. 9 

October 30 11] 6. 3] 6.18 
2 I 520 3 

24 — 6. 29] 6.45 

21 20 6. 39 6. 56 

18 23] 6.48] 7. 6 

15 Feb, 26| 6.57] 7-15 

I2| March 1| 7. 6| 7-24 

9 4| 7-12] 7-31 
: f 7] 7-17] 7-36 
Oeraber 3 100 7.23] 7.42 
Sept. 30 13] 7-26] 7.45 
27 16] 7.29] 7. 48 
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Tan, XVIII. 


For reducing the Sun's Dzct1v. as given in the N. A. for Noon at 


GAE N wien to any other Time under that Merid, or to Noon under any other Merid. 


2. N Fu. NI u. vi. I u. M. 
v. ef. NTA N\to. oft. 20 
add in 7 Sub. in D D 
Sub.in E | Ald in E 150 | 155 
Days Days | M. s. M. 5 
Pecem. 21 Deecm. 21] o. O o. © 
20 22| 0.11] 0. 1 
19 230 0. 22 © 23 
18 24/0. 33] o. 34 
17 25 0.44] 0.46 
16 26| . 55 0.57 
15 27] 1. 661. 8 
14 238] 1.17] 1.20 
13 29 1.280 1. 30 
12 300 1.39 1.42 
iI Decem.31} 1-50] 1. 54 
10 Jan, 1| 2. 12. 5 
9 2 2.12] 2.16 
8 3 2.23] 2.27 
7 4) 2+ 34] 2.39 
6 5| 2.44| 2.50 
5 61 2.55] 3. 1 
4 7 3 5 3-11 
$| 3-15] 3.21 
2 9| 3-25] 3- 32 
Decem. 1 10| 3+ 35] 3+ 42 
Novem. 30 11] 3.45 3.52 
29 12 3+ 55| 4+ 3 
28 13] 4+ 5 4.13 
27 14 415] 4.23 
26 151 4.24 4+ 33 
25 160 4: 34] 4-43 
24 17] 4:43] 4.53 
23 18] 4.5 $. 2 
22 19 5. 1] 6. 12 
21 20] 5. 10 5.21 
20 21] 5. 200 5. 31 
19 22 5.29 5-40 
18 23] 5.37 549 
17 24] 5.45 5,57 
16 25] 5. 54 6. 6 
15 26] 6. 2 6.14 
14 27 6.10 6. 22 
13 28] 6.19 6.31 
mn N11 Jan, 30 _6. 34 6. 47 
Feb. II 6. 49 7. 3 
7 3 7. 1 7-47 
5 5 7.160 7.31 
. 7] 7-29, 7. 4 
: 7. 417. 
iber 30 — 1 8, K 
28 13] 8. 4 8. 20 
26 15] 8. 15 8. 32 
24 17] 8. 26 8. 43 
21 20] 8. 87 
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* M. H. M. H. M. 
11.20 11, 40 


HN. M. Sub.uf.N. 
12. O Albi, N 


D [Sub. int, 


180 


„ M. 8. 


0. © 


o. 13 
o. 26 


9.39 
O. 53 
3, © 
1.19 
1. 32 
1.46 


1.59 


2.12 
2.25 


10. 39 24 

10. 5327 

11. 630 fuguft 
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This table is ſufficiently exact for finding when any ſtar comes to the 
meridian, in order to obtain the latitude; but in all calculations for deter- 
mining the longitude by celeſtial obſervations, the ſun's right aſcenlion 
and declination muſt be taken out of the Nautical Almanac, as the) ae 
there calculated to a greater degree of accuracy. | 
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TABLE XX. 
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A TABLE of the Right Aſcenſion and Declination of ſome of "Oy 
principal fixed Stars, adapted to the Year 1796, with their | 


Annual Variation. 
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— 
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Right Aſ-JAnnu, | Annual 
8 a TERROR. Vari. ONION | Vari. 
en 
chedlar in the breaſt of Caſſiopeia — 3} © 28 51|+3. 31155 25 5 N 19.917 
Abruccabar, pole Kar, taihofthie Little Bear] 2] 0 50 24/ 10. 05/88 13 13 19.69 
Mirach, in the girdle of Andromeda — [2 © 38 22, 3.30/34 32 7 19.457 
Almaach, in the foot of Andromeda — | 211 51 279] 3: 62/41 20 38 17. 86+ 
Menkar, in the jaw of the Whale —| 2] 2 51 33] 3.13! 3-16 52 14. 86+ 
Algol, in the head of Meduſa — 212 5457 3-85,49 9 31 14. 63+ 
Algenib, the bright ſtar in Perſeus —| 2] 3 9 50] 4. 2049 7 23 13.72 
Pleiades, the bright ſtar in Taurus — | 31 3 35 24] 3. 5523 27 30 12. 00+ 
Hyades, in Taurus ——| 3} 4 812 3.3915 7 24 9. 60+ 
[Aldebaran, the Bull's ſouth eye — 1] 4 24 14] 3.46 5 19 | 8. 32+! 
capella, in the Goat — 1s 1 40] 4.40/45 46 12 5. 30 + 
Fellatrix, in the weſt ſhoulder of Orion 2 5 14 12] 3.226 9 8 | 4.15+ 
Betelgueſe, in the eaſt ſhoulder of Orion | 1] 5 44 8} 3.25 7 21 21 1. 584 
Caſtor, the bi iglit ſtar in the head of Gemini 2] 7 21 35} 3. 88/32 19 20 6.78 — 
IFrocyon, the bright ſtar in the Little Dog] 1] 7 28 39] 3.20! 5 44 58 7. 40- 
Pollux, in the head of Gemini 2] 7 31 52] 3.75/28 30 26 | 7. 70— 
Acubens, in the claw of Cancer — 31 8 47 19 3-24|12 38 18 13. 30— 
Regulus, iff the Lion's Heart 119 57 31] 3, 24/12 37 32 [17. 16— 
Dubhe, upper Pointer in the Great Bear | 20 51 2 3.8562 51 o 19. 09— 
[Alioth, the firſt in the tail of the Great Bear] 212 45 6 2.69/57 4 10 [19. 69— 
genetnach, laſt in the tail of the Great Bear | 213 39 31] 2.41/60 20 11 {18. 24— 
Arcturus, in Bootes 1114 6 25] 2. 82020 16 5 17.16 
Mirach, in the thigh of Bootes — 314 36 1o] 2. 63027 56 29 15. 67— 
Aphacca, the bright ſtar in the Crown 215 26 4| 2.5427 24 39 12. 60— 
Raf. Algethi, in the head of Hercules —| 217 25 27 2.7414 38 1 4. $7— 
Raf. Alhague, in the head of Ophiucus 217 5 22| 2.75/12 43 18 3. 15— 
Raſtaben, in the head of the Dragon — 27 51 53] 1.37/51 30 59 | 0. 78— 
Vega, the bright ſtar in the Harp — 11!8 30 1} 2.02 38 35 54 2, 52+ 
Atair, the bright ſtar in the Eagle — 2119 40 48 2. 90 8 20 75 | 8. 49+ 
Deneb, in the tail of the Swan ——| 2/20 34 29 2.05/44 33 26 112. 44+ 
Alderaimin, in the ſhoulder of Cepheus | 3/21 13 4z| 1.4461 43 31 14.95 
heat, in the thigh of Pegaſus 2022 53 54 2.8826 58 8 19.184 
Marcab, in the wing of Pegaſus — 222 54 37] 2.9814 6 37 19. 20+ 
Achernar, in the river Eridanus — go 2.2558 16 398. 18. 56— 
Rigel, in the ſoot of Orion 115 4 44] 2. 89 8 26 52 4.94— 
Canopus, the bright ſtar in Argo 1] 6 19 26| 1. 34,52 35 23 1. 60+ 
Arius, the bright ſtar in the Great Dog | 1] 6 36 11] 2.69.16 25 58 3. 19+ 
Alphard, in the heart of the ſemale Hydra] 2] 9g 17 34 2. 96 7 46 53 {18.13+ 
Virgin's Spike, in the ſheaf of Virgo — 1 13 14 28] 3. 150 5 26 19. 00+ 
Zubeneſch, in the ſouth ſcale of Libra 2114 39 38] 3. 315 11 3 15. 50+ 
Zubenelg, in the north ſcale of Libra —| 2j15 6 3 3. 22 8 35 13 13. 93+ 
Antares, in the heart of Scorpio — | 1116 16 56] 3. 6625 57 55 6. go+ 
Fomalhaut, bright ſtar in the Southern Fiſh | 1[22 46 2o| 3. 33/39 41 52 18.97 
he foot of the Croſs ——| 12 15 24] 3.22/61 57 50 20. 01+ 
he bright ſtar in the Oars i] 9 10 560 0. 75/68 52 46 14. 79+ 
Lhe bright ſtar in Centaur 114 26 12 4.41139 $9 37 116. 26+ 
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onds, and decimals of a ſecond. 


If the places of theſe ſtars are wanted for any time before the beginning of the 
Jear 1796, multiply the annual variation, both in right aſcenſion and declination, 
dy the number of years before 1796, and ſubtract the product from the right 
aſcenſion ſtanding in the table; but the product of the annual variation in decli- 
nation muſt be added to, or ſubtracted irom, the declination, according as the ſigu 
Tor — follow it ; but for any years after 1796, the variation in right aſcenſion 
uſt be added to the right aſcenſion in the table, and the variation in declination 
duſt de either added to, or ſubtracted from it, according as their ſigns are, to fit 
de declination to any ſucceeding year.— The annual variation is ſet down for ſe- 
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It is obvious, that by the ſun's annual motion, he is perpetually changing 
his declination and right aſcenſion, which is ſet down iu the preceding tabi& 
for the noon of every day at London; and may be reduced to any othe# 
time or meridian, as has been already ſhewn in finding the longitude, | 

By the proceſſion of the equinoxes, the fixed ſtars are continually alterf 
ing their longitudes, right aſcenſions, and declinations, the alteration if 
longitude is about 50 ſeconds every year; the alteration in right aſcenſion 
and declination of ſome of the principal fixed ſtars are ſet down in the pref 
ceding table for 1796; and their annual variation, which being applied td 
the right aſcenſion and declination in the table, by addition or ſubtraction 
gives the right aſcenſion and declination for any ſucceeding years, 

The right aſcenſion of the ſun, moon, or ſtars, 1s the number of degree 
of the equinoctial that comes to the meridian with them, counted from th 
firſt point of Aries. 

The uſe of the tables of the right aſcenſion of the ſun and ſtars is to fin 
the time when any ſtar culminates, or 1s upon the meridian on a given day, 


RU L Ks 


Look for the right aſcenſion of the ſun and tar in the preceding table 
and ſubtract the ſun's right aſcenſion from the ſtar's ; but if the ſun's righ 
aſcenfion be greateſt, add 24 hours to the ſtar's right aſcenſion, and the 
| ſubtract the ſun's from it, the remainder will be the time of the ſtar's cor 
ing to the meridian. 

When the ſun's right aſcenſion is leaſt, the ſtar comes to the meridian 1 
the afternoon, but before noon when the ſun 1s greateſt. | 


KEAAMPLE. I XA MF LI. 
At what time will the ſtar Arcturus be on] At what time will the ſtar Virgin 
the meridian of London, December 1 ? Spike be on the meridian of London, Sq 
; H. M. tember 1 ? 
Arcturus's right aſcenſion —— 14 6 H. 
24 oſSpica Virginis's right aſcenſion 13 
Sun's right aſcenſion 10 


38 6 


Sun's right aſcenfion ——— 16 31|The ſtar culminates afternoon 2 
— — — — jou 
After midnight — 21 35| So the ſtar Virgin's Spike comes tos | - 
: 12 oſmeridian at London 32 minutes after M= | — 
———|in the afternoon, I Y 
Morning _ — 9 34 [< | | 
That is, the ſtar Arcturus will be upon | | 
the meridian of London 35; minutes after Z >| 


nine o*cluck in the morning, | 
To find what Star will come upon the Meridian at any given Time. 


RU L. J. 

Add the time from noon to the right aſcenſion of the ſun, the ſum | * 
be the right aſcenſion of the ſtar required to be known; with which en * * 
the table of the ſtar's right aſcenſion, and find what ſtar's right aſcenl by - 
agrees with, or comes the neareſt to it, and that is the ſtar required. — 
EXAMPLE I. | EXAMPLE II. * 

I would know what ſtar would be on the] What ſtar will be upon the meridia _ 
meridian of London about ten at night, London 20 minutes paſt four in the 10 5 
January 252 N | ing, May 16? | 1. < 
H. M.. | J 7 25 

Sun's right aſcenſion Jan, 25, at noon 20 32 Sun's right aſcenſion May 9 at non "| 
And for 10 hours more ——— » 2|And for 16 hours more 
Given time 10 hours P. M. 10 ofGiven time 16h, 30 m. P. M. f 2 
30 340 Right aſcenſion of mid. heaven Is 

Sub, 24 of Anſwers ngarly to Atair in the A = 

Nearly anſwers to Sirius — 6 34 Q 
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To find the Time of the Sun's Riſing, Setting, and Length of the Day and 
Night, by this Table. | 


Firſt, Find the ſun's declination at the top of the page (marked with the degrees of 
declination) and the latitude in the right or left hand columns (marked lat.) and in tho 


common angle of meeting is the time of ſun ſetting, if the ſun has north declination, , 


but the time of ſun riſing, if the ſun has ſouth declination. 


= A AMP LE. 


Let it be required to find the time of the ſun's riſing and ſetting, with the length of 
the day and night, in latitude 51 north, the 18th of July, 1796? 

I firſt ſeek the ſun's declination for the given day, and find it 20? 53/ north, Which 
I here call 219, then under the declination 21, and againſt the latitude 51®, ſtands y 
hours 53 minutes, the time the ſun ſets on the given day, in lat, 51 north, which being 
doubled, gives 15 hours 46 minutes, the length of the day; and if 7 hours 53 minutes, 
the time of ſun-ſetting, be ſubtracted from 12 hours, the remainder 4 hours 7 minutes, 
gives the time of the ſun's riſing, which being doubled, gives 8 hours 24 minutes, lengthy 
of the night. 

But, when the ſun has 219 ſouth declination in this latitude, the time of ſun-ſetting 
becomes the time of ſun-riſing, and the length of the day will then become the length 
of the night, 

Thus, the 25th of November, 1796, the ſun's declination is 20® 59/ ſouth, or 21®, them 
the time of ſun-rifing is 7 hours 53 minutes, his ſetting 4 hours 7 minutes, and the 
length of the night 15 hours 46 minutes, and day & hours 14 minutes. 


EXAMPLE II. EXAMPLE III. 


Let it be required to find the time of thel Required the time of the ſun's riſing and 
ſun's riſing, ſetting, and length of the dayſſetting, and length of the day, at the Capo 
and night, at Peterſburgh, the 21ſt of june, ſof Good Hope, in lat. 34. 29 S. the 15th of 
1796. | May, 1796. 

Under 239 28'N. the decligation that day,, Under the declination 199 &' or 199 NV. 
and againſt 60 north, the latitude of Pe-jand againſt the lat, 34 S. or --< 
terſburgh, 12 oſStands the ſun's riſing 6 54 
Stands the ſun's ſetting 9 16 — 
[Time of ſun's ſetting s 6 

2 


The time of ſun-riſing 2 44 


Sun-ſetting doubled is the length of day 18 32 The length of the day 10 12 
dun- riſing doubled is the length of night 5 28|And 6H, 54M. doub. islength of night 13 48 

When a greater degree of accuracy is required, proportional parts may be taken for 
degrees and minutes of latitude and declination, 


To find the Riſing and Setting of the Stars. 


By this table the riſing and ſetting of any ſtar may be found, whoſe declination does 
not exceed e 30 30“ north or ſouth, in the following manner: 

If you are in north latitude, and the ſtar has north declination, look for the dedi- 
nation at the top, and the latitude in the right or left hand columns, in the angle of 
meeting, is half the time of the ſtar's continuance above the horizon, iu that latitude 
or the time it takes in aſcending from the eaſtern ſide of the horizon to the meridian, 
and deſcending from the meridian to the weſtern part of the horizon, 

Therefore, if theſe hours and minutes be ſubtracted from the time of the ſtar's 
coming to the meridian, the remainder will be the tame of the ſtar's riting, and if 
added, the ſum will be'the time of the ſtar's ſetting, 


EKEAMEL & 
Required when the ſtar Arcturus riſes and fets December i, in lat, 51 N. 


The time of the ſtar's coming to the meridian, or fouthing in the morning 9 35 

Then under ſtar's declination 200 16“ or 20% N. and againit lat. 51 ſtands 7 47 

Time of ſtar's riſing in the morning r 48 

Added, gives the time of the ſtar's ſetting 17 22 
| 12 


tar ſets 22 minutes after 5 in the evening 5 22 


When the latitude is north, and the ſtar has ſouth deelination, or the latitude ſoath 
and the ſtar has north declination, find the latitude in the ſide columns as before 
againſt which, and under the degrees of declination, ſtands half the time the ſtar is 
under the -horizon, which being ſubtracted from 12, the remainder will be half the 
time the ſtar will be above the horizon in that latitude. 

Example. What time will the Dog Star, Sirius, riſe and ſet at London, Jan. 25 


12 

Under the declination 169 26'S. and againſt lat. 51 32“ or 529 ſtands 7 bo 

Half the time the ſtar is above the horizon — — 4 

The ſtar comes to the meridian in the evening, at 10 oz 

Which ſubtracted, ſhews that the ſtar riſes at 31 M after 5 in the evening 5 31 Ba 


Added, ſhews the time the ſtar ſets in the morning 2 39 

In like manner may the riſing and ſetting of the planets be found when their declina- 
tion does not exceed 2394, and the time of their paſſage over the meridian is known. 

Suppoſe it were required to know the time of Jupiter's riſing and ſetting, in latitude 
32 north, the 1ſt of Auguſt, 1796. 

In the Nautical Almanack for 1796, I find that Jupiter paſſes over the meridian of 
Greenwich at14H. 3M. that is 3 minutes after 2 next morning, and his declination is 
$2 27'S. 

Now, 12 H. added to 14 H. 3 M. is 26H. 3M. from which ſubtract 24 H. and the re- 
mainder 2 H. 3 M. is the time of his paſſing the meridian in the morning of that day, 
according to the civil account. 

Under declination 89 27/ or 89 and againſt latitude 329 ſtand 6H. 41 M. half the timo 
Jupiter is below the horizon, this doubled is 13 H. 22 M. the length of Jupiter's night, 
which ſubtracted from 24 H. gives 10 H. 38 M. the length of his day. 

Again, 6 H. 41 M. added to his patling the meridian 2 H. 3 M. gives 8 H. 44 M. his 
riſing in the evening, and 2 H. 3 M. added to 12 H. gives 14 Hf. 3 M. from this ſum take 
6 H. 41 M. and the remainder 7 H. 22 M. is the time of his ſetting in the morning. 

Suppoſe it were required to find the moon's riſing and ſetting Auguſt the 1 3th, 1796 
in latitude 529 north. 

In the Nautical Almanac, (page 6th) I find that the moon paſſes the meridian of 
Greenwich at 8H. 16M. in the evening, and her declination at midnight is 222 55“ South. 

Then in the tables, under the declination 21® 320 S. or 229, and againſt the lat, 529 
ſtands 8 H. 5 M. Half the time ſhe is under the horizon doubled is 16 H. 10 M. the 
length of the lunar night, which ſubtracted from 24 H. leaves'7 H. 50 M. the lunar day. 
To the moon's ſouthing or patſage over the meridian, 8 H. 16 M. add half the lunar day 
3 H. 35 M. gives 11 H. 51 M. her ſetting at midnight, and from 8H. 16 M. take 3, 35, 
the remainder 4 H. 41 M. is the time of her riſing in the afternoon. 

In like manner may be found the riſing and ſetting of the other planets, only obſery- 
ing, that the noon of the common day, and end of the ſea day, is the beginning of the 
day in the Nautical Almanac. . | 

As all the calculations here are made for the meridian of London, or Greenwich, care 
maſt be taken to reduce the time of their paſſages over the meridian of Greenwich, to 
the meridian of the place of obſervation, by allowing 1H. later for every 15® of weſt 
longitude, and 1 H. ſooner for every 159 of eaſt longitude, 

It were to be wiſhed, that gentlemen belonging to the ſea would carry a celeſtial 
globe with them, upon which all the above may be found in an eaſy manner; for 
they would have nothing more to do but to ſet the globe north and ſouth, raiſe the 
pale as many degrees above the horizon as the latitude is ; bring the ſun's place to the 
brazen meridian, and ſet the index to the upper 12, then turn the globe round, and 
note what ſtars come to the meridian, and the hour index will point to the time; when 
they come above the horizon, it will point to the time of their riſing, and when they 
eeſcend below the horizon it will point to their ſetting, for as each ſtar on the globe 
will paint directly to one of the ſame name in the heavens, they may be viewed N. 
time of the night; or, if a planet, turn the globe until the index points to the time o 
their paſſage over the meridian, and make a mark on the globe with a pencil under 
their declination, then turn the globe eaſt until the mark comes to the horizon, and the 
index will point to the time of their riſing; and turned weſterly till it come to the he- 
rizon, the index will point to the time of their ſetting. 
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OBJECTS AT SEA. 


TABLE XXIII. For FinpinG THE DIsTANCE OF TERRESTRIAL 


— — — — 
5 

Height Jiſt. inJHeight] Diſt, in [Height] Diſt. in Height Diſt. in [Height] Diſt. in 
in Feet} Miles hin Feet] Miles in test] Miles fin Feet] Miles Jin Feet] Miles 
I 1.224 53 8.914 240 | 18.969 760 | 33-756 | 2250 | 58. 083 
2 1. 732 56 9. 163 245 | 19. 165 780 | 34-197 | 2300 | 58.725 
3 | 2-121 59 9. 405 250 | 1g. 360 800 | 34.633 | 2350 | 59. 360 
4 2.449] 62 9. 641 255 | 19. 553 820 | 35.063 | 2400 | 59,988 
s | 2-738] 65 | 9- 870 260 | 19. 743 840 | 35.488 | 2450 | 60. 609 

6 2. 999 6810. 097 265 | 19.932 $60 | 35.908 | 2500 | 61.225 | 
7 | 3-239] 71 | 10.317 | 270 | 20.119 | 880 | 36.323 | 2550 | 61.834 
8 | 3-463] 74 | 10.533 | 275 20, 395 | 900 36.734 | 2600 | 62.437 
9 3.673 77 10. 745 280 [ 20. 489 920 | 37. 140 | 2650 | 63.035 

10 3. 873 80 | 10.952 285 | 20.671 940 | 37-546 | 2700 | 63.626 } 

11 4.061 83 | 11.156 290 20. 851 960 | 37.938 |] 2750 64.213 | 
t2 | 4- 242 86 | 11. 355 295 | 21, 30 980 | 38.332 | 2800 | 64.794 
13 | 4415 89 | 11.552 300 | 21,208 | 1900 38.721 | 2850 | 65.370 
14 | 4-581] gz | 11.745 310 | 21.538 | 1030 | 39-297 | 2900 | 65.940 
15 4.742 95 | 11.932 320 21.903 | 1060 | 39. 866 | 2950 | 66.507 
16 | 4-898] g8 | 12,121 339 | 22.243 | 1090 | 49.426 | 3000 | 67.068 
17 | 5-045] 101 | 12, 306 340 | 22.578 |] 1120 | 40.978 } 3050 | 67.625 

18 | 5-195] 104 | 12. 487 359 | 22.907 | 1150 41.524 | 3100 | 68,177 | 

19 | 5-338] 107 | 12.666 | 360 | 23.232 | 1180 | 42.062 | 3150 | 68.725 
20 | 5.476] 110 | 12. $42 370 | 23.553 | 1210 | 42.593 | 3200 | 69. 268 
21 | 5.611] 113 | 13.016 380 | 23. 869 | 1240 | 43-118 J 3250 | 69.807 
22 | 5.743] 116 | 13.188 390 | 24.181 | 1270 | 43-636 | 3300 | 70. 342 
2 5. 872] 119 | 13. 357 400 | 24.489 | 1300 | 44-149 | 3350 | 70. 873 
24 | 5-999] 122 | 13.525 | 410 | 24.793 | 1330 | 44-659 | 3400 | 71.400 
25 | 6.122] 125 | 13.690 | 420 | 25.094 | 1360 | 45-156 | 3450 | 71.923 
26 | 6.243] 128 f 13.853 | 430 | 25. 391 | 1390 | 45-651 | 3500 | 72.443 
27 | 6.362] 131 | 14.015 442 | 25.684 | 1420 | 46.140 | 3550 | 72.958 
28 | 6.479] 134 | 14.174 | 450 | 25.974 | 1450 | 46.629 | 3600 | 73.470 
29 | 6.594] 137 | 14.332 | 460 | 26.261 | 1480 | 47.106 | 3650 | 73.979 
39 | 6.709] 140 | 14. 458 479 | 26.545 | 1510 | 47-581 | 3700 | 74.484 
31 | 6.817] 143 | 14. 642 480 | 26.826 | 1540 | 48.052 | 3750 | 74.985 
32 | 6.928] 146 | 14.795 | 490 | 27.104 | 1570 | 48.517 | 3800 | 75.484 
33 | 7-934] 150 | 14.995 500 | 27.379 | 1600 | 48.979 | 3850 | 75.979 
34 | 7-149] 155 | 15.244 510 | 27. 652 | 1630 | 49-436 | 3900 | 76.471 
35 | 7-244] 160 | 15.488 520 | 27.922 | 1660 | 49. 889 | 3950 | 76.959 
36 | 7.347] 165 | 15.728 | 530 | 28.189 1690 50. 338 | 4000 | 757.445 
37 | 7-448] 170 | 15.965 | 540 | 28.454 | 1720 | 50-782 | 4050 | 77.927 

38 | 7.548} 175 | 16.198 | 550 | 28. 716 | 1750 | $1.223 | 4100 | 78.407 I 
39 | 7-647] 180 | 16.427 | 56o | 28.976 | 1780 | 51.661 | 4150 | 78.884 
49 | 7.744] 185 | 16.654 | 570 | 28.233 | 1810 | 52.094 | 4200 | 79. 358 
41 | 7.840] rgo | 16.858 | 580 | 29. 489 | 1840 | 52. 524 4250 | 79. 829 
42 | 7-935] 195 | 17.098 | 590 29.742 | 1870 | 52.951 | 4300 | 80.297 
43 . o29] 200 | 17.316 | 600 | 29.994 | 1900 | 53. 374 | 4359 | 80.662 
44 | 8.122] 205 | 17.531 | 620 30. 489 | 1930 | 53-793 | 4400 | 81.215 
45 [8.2144 210 | 15. 748 640 | 30.976 | 1960 | 54-219 | 4450 | $1,685 
17.955 | 660 | 31.457 | 2000 | 54.761 | 4500 | $2.143 
18, 160 680 {| 31.930 | 2050 | 55-441 | 4550 82. 598 

18.365 | 700 | 32. 396 | 2100 | 56.113 40083. 051 
18.569 | 720 32. 855 | 2150 | 56.777 | 4659 | 83.501 

18. 770 749 | 33. 309 | 2200 $7. 434 | 4700 | 83.919 | 
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RD ͤ — —— ———— — 
4 
Or rut LATITUDES and LONGITU DES 5 
OF THE | * 
Ke 
PRINCIPAL HARBOURS A&H CAPES IN Tus WORLD; 65 
- 1 
With the Tits of Hicn Wart where it is known. — The Longitude || on 
is reckoned from the Meridian of London. — Places marked thus *, || WF | Sb 
are by Celeſtial Obſervations, others not ſo marked, are from the * 
beſt Charts and Maps. Or! 
| All 
— —ñ 4 8 be | Lat. Long. II. W. | 8 
The Coaſt of Ingland, from London|| Ls" 1 2 T1 | Sou 
to the Land's End. "nan Sod: les 380; 1480) [is 
2p RR 1 Long, H. * Ply mouth 50 22 4 10 6 ? WI 
| D. M. D. M. H. [{\Fowey — 43 17 [447 5 1 21 
* LONDON 51 32N.] © © I Deadman'sPt.1;0 12 4 54 | 5 1 am 
* Green, Obſ, [51 29 [o 5E. * Falmouth 41 Hal 
Woolwich —51 300 9 Manacles Rocks so 2 | 5 6 5 6 
Purficet K 51 30 0 19 Black Head 5 50 5 5 19 5 Ditt 
Graveſend — 51 27 | o 28 * Lizard Point [49 57 | 314 | $ 8 
Rocheſter — 51 23 {| © 38 || Mount's Bay *F WE Dy. tka 
Nore —— ]|1 28 80 5 Runnel Stone 50 2 | 548 |5 * 
S. Forelandlights (Fi 12 1 30 Wolt Rock 49 56 |639 | 4 | Ditt, 
* Dover — 61 8 ST" ww ! Land's End 30 1 $.-9$--1 4:3 tees 
Dungeneſs —|50 52 ie Scilly Iflands 8. IF 
Haſtings — 60 53 | 0 47 [10 part m——} 49 -3® Out 
Beachy Head [50 44 | o 26 |10 * St, Agnes Lts. S | 
Shoreham — 50 47 o 11W] 9 Scilly -* >> 6 42 | 4 Lyn 
Arnndel — 150 46 [26 | 9 St. Mary's, 4.449 57 0 36 3 Spur 
Selſey Bill — 60 43 0 41 9 The current in the mid. channel 1s * Fl. 
Owers, S. K. Part 50 36 o 36 9 N. E. about 1 H. 30 M. after high water; He 
* Portſmouth and it runs off Dungeneſs 4 H. to 4 and an Filey 
Town — 50 47 1 © 'ftr-- 2 half hours ; in the Downs 4 hours; and| Scar! 
Iſle of Wight. eaſt in the King's channel, z hours after} Rob! 
* Bembridge high water. 2 Ba 
LedgeorPoint|5o 40 | o 59 f 3 The following table ſhews the :ime off Whit 
* Dunnoſe — 50 33 | 110 9 high water at the principal headland, , Rive 
* Saint Cathe- Ec. in the Channel, on full and change, N. 
rine's Point 5 30 1149 days, and the time the current Tum St, 
* OO Lts. 50 41 I 24 9 1 latter high water. _ Rc: 
Fi Pool Harbour [50 42 3 9 f 5 VI. 
St. Alban's Head 50 37 ⁴ 2 8 | 7 The current runs after * 4 a 
|| + Weymouth 50 37 2 30 6 High Water. N. Mt. Ar [ Coqu 
Portland Lights 50 31 2 31 7 Atthe Lizard at | 5 3 0 0'Z 2 | Stapl; 
| Exmouth Bar 50 37 3 18 6 + Ott the Eddiſtone| 5 3o| 3 vies + Holy 
|} Torbay, Berry | Off the Start 6 10] 2 300 +|93 Beru 
Head — 50 22 3 22 6 i Off Portland 161 3 0\ v 110 ,. Al 
Dartmouth 50 18 | 3 33 | 6 Off I. of Wight | $ 14] 3 155.2! band 
* Start Point |;zo 9 | 3 49 | 6 2 [Off Arundel and 2 2% e 
Praul ditto — 50 8 3 47 6 Shoreham 9151 11572 10 * ED] 
* Eddyſtone Li. 8 | 4 18 | 5 i Off Beachy 9 45] 1.15/Z = es 
Hand Deeps 50 11 4331's | Off Dungeneſs 10 30 4 0:< 212. Nut 
Norr. H. W. ſtands for high water; R. for river; I. for iſland; P. for point, 7 
and C. for cape. . „eo 20, Mont. 
Nor. The variation in the Engliſh, and St. George's channels, is 25 I 1 
and on the eaſt coaſt of England 25? weſt, and the Orkneys and Sher. eter 
illands about 21 Points, on the weſtern coaſt of Ireland 24 points weſt, _—_ Buch, 
found to vary between 11 and 12 minutes weſterly every year, Or a — inn; 
51 years, therefore, by adding a degree for every 5 K years to the variation damff 
given for 1793, vou will have the variation nearly for any ſucceeding year. 


-” 


—— — — 


— 2 8 
— 0 4 ev >. = 


19. 
GITUD 

b Lon 

O 8 5 

F 

[V. 

E XX 

TABL 


— — 


— Long. — 0 
= _ 10 . e il 
), o '"1 
/ Forcland Fort St, Georg 57 26 56 1 4 
— be North 7 ad. [nvyer Nets 37 42 r 4 11 l 
"Trim s Bay He W. | romartic — 37-34 18-4 11 p 
Duncan Tong. 7 . ee Neſs 58 20 3 : T "i 
es D. vi. of 1ithneſs 58 8 28 3 11 1 4 
— 5 M. | FN L. I 4 Ca . lend = 5 3 2 | 
| 25N,| 1 33 11 f Note ! * Heads 40 1 | 
Il) 51 £5 1 45 Duncan 22 ſo | 
Northf Rock 4D Op 1 The Orkney If wow | 
h 14 2 : J 
Kent 1 4 He 4d 3 8 2 12 . _ —— 4 f 5 11 7 
| Long Sand . * ＋ 59 12 Pentlaad Kc 38 N. - 24 il : 
85 A + 9 : 3 12 1165 BY 58 45 : ji 
' Ditto > N. . 5 2 I 12 : tromeo E 2 11 [4 
1wWaih ? „ 52 1 45 1 | Renald- 2 3 , 4 
_ South =. 8 1 49 10 Z7 57 — South b. + * 2 4l U 1 
1 A 9 ; Copiniha * 2 29 11 oy 
| 2 * K naps, 15 39 7 Lambs Head, $9 4 11 
3 . p, + 28 I 37 9 8 Itronſal! I. Fl a a 19 4 in 
| ebend, 4 38 1 49 8 1 North om p. 59 23 ö 
th 5 rt 
| Sou (tt i ights 1 39 0 1 iha, Nu d. on 
| Leoſta auh = ld Head, or 2 | 9 
| 1 *. ee Neſs 1 40 ay WR_uy <9 21 2 5 | 
| rere oy 5 ra Ifland © is 2 | 9 | 
| | Lights | 2 Head, o 13 3 . 
| | Smiths KNOW I 45 p } ah” Hoa I. 59 as 170 
h Ve 
| | OFrOUug 32 $4 2 7 \ N cad, 16 
una, WR 9 521 3 . 5 
| | 8. ind, h P. 53 1 16 Ma 5 Pomona . 39 | : 140 
| Ditto, ort 1 0 ad, on 3 1 * 
0 Lights He 8 55 | l 
Omer Ow. 3 Hoy ells I. 5 | 3 24 
Cr 4 Ow I 4 Hoy WW 9 3 
| Lemon: 1 . 53 7 1 45 Slug Skerry 52 30 | . ay 
er, Not th F. 153 13 1.4 7 4 Fair Iſland — As. 
| itto, Sou 53 21 0 Far — nd Ilan 1 
p Bank 6 | 1 Shetla — 
| nor. 8 ights | 53 a 5 33 8 The a N 
| Due get 1 138453 © 50 6 4d b 1 5 
Outer Dou ng: 53 22 o 27 I umu Hea ) 59 82N 1 58 4 
luner Dowſ1 2. 2 5 8 th Point P44 9 | 
ts (#) 
[Spurn L wis oof 0 ; Braffa En; MILES 
, F Fl; imboro 54 0 o 5 4 Larwick Go 25 6 4 
by | — - | 3+ 37 O 13 1 Out Skerries 60 25 = | 4 
an WI Files Brig zu 154 21 3 # ||Walſey Ile e 
and Scarborough ; D 22 3 + Unſet, dry Go 25 | 
ter] | Bay 4 * 0 27 | Foul Iflan Zee Iſlands. 1 | 
| | m6 err | 
ay Vhitby | ' 
ier 3 ö ock, | 
— | Mouth, 54 41. --1.0.59 | Wan 155 1 SN. 6 47W] 3 | | 
| ton — | 564 I 4 - 
1 Fee 
| Month, New- 23 3.0 R a Fulae I. Ferro 62 12 | 
| caſtle "2 * 22 , - ; art of of \; 
= t Ifland 55 12 2 10 Point | 
I wy — Idands 55 2 48 mY Laſt. —— 125 1 1 
8 4 35 4 A: art © | 7 14 
8 pol Holy 1 fcc 2 26 4-3 N. bak P — 62 3 Head to the tt 
8 1 Berwic Head 55 57 2 29 2 Ferr 3 Bay 1 
wy 5 — 4 2 : ; From e 2 1 
11 by Dy ghts 56 4 9 Lan - | wit 
May I. Li 58 | 3 4 Nj 3 3W | . 
* EDINBURGH + 13 2 18 | 3 i Head 55 4%. 18 11 th 
File ) TP ray 56 27 , ” 3 Dee 58 * 5 © (11 1 
* 0 0 nnet 58 3 | j 
C. Rock, off do. * of + 2 28 - : 8 Head r 20 7 | 
Red Head an 5 . 29 12 : . N 58 36 ? | 
=" 66 4 4 q Hea 
Montroſe 5 2 2 rre | 13 
New Aberdeen 57 7 1 42 U _ leen at 84 | 57 
7 34 2 12 AR 5 
Peter Head 5 31 I I 12 3 Ebb 
Buchan Neſs 4 57 39 | 15 1 
Ninnaird'sHea 37 38 | 227 | 
anmff oe "57 
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Rara l. 


| 


„„ - <a. - — 


Rena lland 
Rock al 

St. Kilda 
Butt of the Lewis 
Gallan Head 
Flannan l. 
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l Hitkere 1. 


Bara Head 

Rocks very dan- 
gerous 

Cana lilands 


{ Hy (ker 1!lands 


Rum I. Welt b. | 
Tircey I. S. P. 


Colt I, North P. ; 


Bomſhly Rocks 
Skerryvore 
tia 1. S. W. P. 
Ditto, South P. 
Rachlan I. I. 
Part 
Mull of Cantire 
Light-Houſe 
I, of Arran, 8. 
E. Part 
Cumray I. En- 
tranceof Clyde 
Elſa 1. 
Irwin 
Alr 
Loch Ryan 
Port Patrick Lt, 
Mull of Gallo- 
way 
Great Scar I. 
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Burrow Head 


Solway Firth 
St. Bee's Head 
Light 


| Whitehaven 


Selker Rock 
Lancaſter 
Liverpool 
Great Orms Hd. 
Skerries Light 
Holyhead 
Brachy Pool Hd. 
Bardſey 1. 
Barmouth 
Cardigan Har- 
bour 
Strumble Head 
St. David's Head 
Ramſey I. 
Small's Light- 
Houſe a 
St. Ann's ditto, 
MilfordHaven 
Worms Head 
Caldy I, —— 
Lundy I. En- 
trance of Briſ- 
tol Channel 
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| Lac. | Long. IH. W. 
D. M. ID. M. 1 
Mort P. 8. En- | 
trance of dittoſgrt 15N.] 4 15] ; | 
Hartland P, $2.4 14 30 16 | 
Paditow — 50 42. [455 | 5 | 
Towan tlead r 
»M, Ives Bay 59 17 $ 34 [4 4 
Cape Cornwall [;0 10 5 55 | 4 | | 
TheSevenStones|5o 6 [| G23 |, £{. 
ihe Wolt Rock [4 57 6-4 4 ? 
The Land's Endſgo 6 n f 
The Iſle of Man. 
| Calt of Man " $2 118 2 
Douglas — 13606 4 42 | 
Ramſay Bay $4 17 | 4 38 [10 
Point of Air 54 25 | 4 34 10 | | 
Peel Hill — 412 4 $7 ifo 
Treland. 
Cape Clear I51 15N.] 9 goWl 3 
Fainet Rock 5113 [| 9 $5 3 
Crookhaven 3 1 1 6 
Mizen Head $2 18 2606-09-13 $1 | 
Sheeps Head 45124 [io 15 | 3 
Bantry Bay 51 26 fl0 10 | 3 2 
Grelah Rocks [51 22 ſio 41 | 3 
Durſey I. W. P [51 26 0 45 | 3 
Bull Rock 5127 [io 45 3 | 
Cow Rock (51 27 [10 43 | 3 | 
Cod's Head 51 gz 110 32 | 3 F 
Kenmare Bay 51 35 10 50 | 3 | 
Lamb Head 51 38 (10 37 | 3 (1 
PP [ 
Hog's Head 51 41 110 48 | 3 V 
Rolus Head 31 41 10 55 3 v 
Skelling's Rocks|;5i 40 1 103 {| 7 
Lemon Rock 51 42 [11 2 | 3 4} C 
Bray Head — [$51 47 {1 49 | 3 r 
Dingle Bay C236 308. © F3 H 
Foze Rock. 31 $6 111 21 1 9:$] | 
Fretter's I, 51 56 {i1 232 | 3 4$| 
Tiraght Kocks 51 57 f 24 | 3 4 D 
Great Blaiket [51 57 Ji1t 9 | 3 4 H 
Ennis Tuſkan [52 0 [1 23 | 3 1 Ye 
Dunmore Head 51 8g [io 55 3 : Ce 
Dunorliag Head 52 5 10 57 | 3 + {Ki 
Krandon Head 52 9 [10 46 | 3 : 11 
The Seven Hougs | = 
Rocks — [52 11 ie 7 [3 $| 8 
Kerry Head | 
Entrance of | 
Shannon Riv. 52 15 10 32 3 14 
Loop Head, N. 1 
Entrance Ditto 32 23 0 333 
North Arran, vr 1 
Killauyr — [53 6 0 17 | 4 | 
Galway Bay $3 9 | 959 J | 
Sline Head 53 23 j1049 [4 | 
Ennis Shark I. 153 34 j10 52 14 | 
Ennis Turk 1, [53 40 j10 42 [4 ,| 
Clare Iſland 53 45 10 36 | 4 
Achill Head {53 56 o 49 4 4 7 
Black Rock 54 2 10 53 | $5 
Urris Head 54 18 110 37 [5 


Tarrr XXIV. Or LArtrupkEs ann LoxcitTupes. 
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W port A 2 31 5 dt. Peteriurg u 


* Oſtend ee Wh 


— LA Long, 11. V. | Lat, | Lun, | 
D, M. D. M. 11. . M. D, el. | 
Broad Haven [54 15 N. z2yW| 5 Goree J. FEC SINE 3-005 
Stag Rocks, off >Chouwen I, ——— 4 $-43.: 5 
Eroad Haven 34 21 [tro 24 5 | North Gatt N 1 1 
Don Patrick | * Kotter dan, 33 1 
Mead 54 18 9 58 5 1 AMSTERDAM (3! 2; 4 5t \ 
| Sligo Bay —— |:4 1s [9 18 | 5 Texel . 1.994" 
| | Finnie Murray J. 54 24 9 18 5 Bi men 3 53 23 FO 45 .. if 
| Donegal Bay | 34 3D 9 G6 3 ; Kl he River,Entrance 01 54 4 6 4 
Tillon [ad 54 38 925 5 18 Hiltge L awd Light 54 11 9 17 1 
. 1 Arranmore 54 58 9g 8 5 2 | ohnen , 57 I 8 18 4 
- ; | Tory Iſland $5 15 8 43 4 4 | iwhinout N nr moaned | > 30 9 49 ti 
Lock Swilly t S eee »/ 42 [10 2 ] 
Malin Head $5 24 743 | 4 F : | 
1 asiſtranul | From the Staw d St, Peterſburg. |; 
| Rocks 135 25 7 35 4 13 NO eee i 
Iniſhoan Hen * Naze of Norway 37. JN. 1 13 { p 
Entrance of „„ 59 20 i 8 1 4 
| Londonderry 55 16 7 16 4 Shriſtiana — —— 59 50 10 20 1 f 
Benzore Head $3 18 6 44 4 redefickſtaad e | 
| Racklin I, Weſt Paternoſters — 137 54 11 32 ? 
4 | | RR 55 21 6 32 8 | viarſttand light 157 34 11 40 ö 1 
Fair Head — 55 15 6 22 [19 4 ingo Beacon 3 57 8 % ge i 1 
| The Maid's 1 8 thenburgh 37 42 11 45 \ | 
Rocks — 4 5s | 5 46 [10 Leisen I. Eaſt f. Ve: 2% jnr 's i 
Belfaſt loch 54 43 748 2459-8. Veit P. [57 47 [20 5, } 
; Copeland Lighits 534 41 5 33 10 2 I 1 indelen Rack nnn U ib 
dt. John's F. 54 12 3 49 {1 {Kuminel Ban! 5 A 5 
Dundrum — [54 13 6 © 11 Fidigen light —=— 7 28 12 1 ; 
Carlingford loch][s4 © G6 12 [10 ; | * arberg — — 57 7. IS 708 
Dundalk — $3 17 6 27 10 | Falkenburg 156 54 72 34 4 
Drogheda Bar 5315 6 22 [11 'ilalmfiid —ʒ — 156 40 142 56 1 
St. Patriek's 1. 53 36 | 6 10 [it lj Halland's I. Wade 56 26 14 36 44 
I Lambay Iſland 33 31 . rr 130 19 2 3 1 
DUBLIN 3 22 6 23 [tx 2 [Anholt ligh: 35 44 11 35 . 
Wicklow Lights!52 59 6 7 [io nee. — 136 12 11 48 q 
Wexford — 52 22: | 6 30 | 8 f ſiliclnt L — 56 10 % 5g „ 
Tuſker Rock 54 12 6 14 8 +3 | Crouncnburgh [it 150-8 193 ap 35 
Carnſore p. „ 6 23 8 7 1 * Mensur. 36 1 is 
The Saltec Rocks 32 5 | 6 501.5 1 [Hue 1. Norm P. [35 5s {12 44 þ | 
| Hook Lights, | * J. endſcrone 7 FF 
Waterford J* COPENHAGEN $35 41 {2 44 0 
| Harbour — f 3 | 7 ; 4 # {[Salthotm, North p. $$ 4% % „ 
Dungarvon — 1 59 „ balſtrebo light — 3 24 {12 5, 9 
Helwick Head 51 57 1 [Lubek iin (0. 
Youghall —— '51 50 1 5 Rs Mead ooo Bp 28 12 40 1 
Cork Harbour „ „% 8 23 4 Bornholm I, N. I. P. 3 19 14 5 if 
Kinſale Harbour ; 1 34 18 42 | 4 | S. W. P. 54 57 15 L778 
| old. Head of | Fr SS. 54 22 18 42 
| Kinfale — 51 39 8 42 4 Oland, North p. — 56 11 16 29 
Seven Heads 11 n South . — 37 24 17 9 
| Dundedy Head {51 1 4 {Gotland, Norti, 7. 56 R 
he Stags, off | | South P. 57 $5 19 7 4 
7 Toe Head 51 19 923 4 133 1 — 56 16 {lg 27 $ 
Baltimore Har-| © | | [Memel r 26 485 6 io 
| _dour — $1.20] 9 40 1 $ 3 [1 Swaferort light: [37-$$-: 444-4 768 
8 855 I Domes Nets light 157 48 12 35 
From Calais to the Scaw. Kunde light 27748749 124.154 
. Kiga 22 - FW , Y 
4 Calais — [506 57 I 57LE./ Dagerort Liglt — 56 56 22 3 4 
Gravelines pag OW RS). Hengo l. igut r 0 
* „e $3 8; 1&4 a8 11. STOCKHOL4 < ! 9 21 {18 'g | 


TABLE XXIV. Or LaTiTUDEs AND LoNG1TUDEs, 
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OFT L. at. Long, | 
From the Naze to Archangel. | D. M. | D.M. 
— —— . 2 I Avranche 48 41N. 1 170 
| 0:3. U. A. . Malo — % 59 | 56 
Cape Frehe 48 4 2 22 
A. ide eee / e Bcioux- — [48/32 | 3 48 
Judder, or Walbert's Hd.158 34 [5 De Brahat l. 48 52 2 52 
ticker Land Wie + 9 2 Roche Blanche [48 59 3 $2 
Kutt ; 1. re * St. Anthouy's 
Great Wylingſoe Licht- a | Lights — 6 044 
| - Houſe e e 3 50 * Uſthant, W. Pt.}48 29 | 4 58 
Stavanger 58 56 | 6 * Bret 8 f 
biger's 1 CE III $99..90-- 14.98 
|olfer's I. 6 'Point Raz '' 4 40 
Bergen * * 1 Point L' Abbe ) 48 4 11 
19008 Sound 2 * 16 3 3® lines de Glenan [47 44 4 © 
Sillewoog & — — 3 5 I. Orient — 47 44 3 21 
4 m_ N 75 . 1 Ille de Groa 47 36 3 28 
wp zemn, Var. 2 P. 61 26 his 10 | Guiberon — [47 34 > 4 
* I * p 3 '* Belle Ifle 47 17 a 
\ => by Var. 1 F. 6 Houat Ile — [47 20 $33 
Oo C * p 74349 | Dumet Ile 47 15 2 $2 
North ape, Var. 1 P. „ i bs ro. [+ Nattes. '— {47 i 1 25 
| 8 Welt 5 : Nourmouſter 1. 1 2 10 
Fiſhers I. Var, 1 P. W. 70 2 [32 Dieu Ile — 46 42 rg 
Kildume I. Vu. 2 . 6 0 * Roche Bon 46 14 2-28 4 I 
. Wen 25 33 45 [Ree Ile — [46 15 1 28 3 1 
| e En . * Rochelle 416 „ 4]; ; 
\ ar. 4 P. We _ 2 13 33 * Rochfort 46 3 o 53 
Sweetnoſe, Var, JP. 1* o [37 30 Oleron Ille 6 3-16" 
Orlogenole 1 "I os an 4 3 [| Cordovan Light 
Crots I. V bd $6 : 1. 3 6 Houſe — 44 36 1 6 4 4 
Ponoy R. Var - + P. * 66 5 39 4 r 44 30 o 30 ; 
* 3 Var. 1 P. b 5 | N C. Peres — 1 120 
ba my bios Boioe * 4 2 '* Bayonne 43 29 I 24 3 +} 
— 8 7 3 C. Machicaco [43 31 3 15 
O. E — 23 7 — Bilboa — 26 2 3 
— APTN” ot: it Kan 66 * C. de Lata 43 34 3 
| Weigate x ry . 78 3 70 C. Penas — [43 48 5 48 3 
ENT. 5 * C.Ortegal [43 46 | 7 zo 3 
Coaſts of France, Spain and Portugal ie * £3 4 : 5 : 
frem Calais to Gibraltar. eres — [ey 29 [817 [3 
* Calais — 150 58N.] 1 57E.;H.W.}|C, Belem — [43 10 9 12 3 
Cape Griz Nez 30 58 | 1 40 | 3 C. Turiana bs 6.32431 1.0 
Boulogne 39 44 1 44 * C. Finiſterre [42 52 9 14 3 
Etaples — [39 31 147 Vigo Bay — 2 14 8 34 | 3 1 
St, Vallery 49 52 0 47 C. Fafilis — 42 5 8 50 3 
* Dieppe 19 55 1 10 11 * Oporto 41 20 8 21 3 
Irecmas — 19 5o | 30 {11 C. Mondego 40 5 8 46 | 3 
Havre de Grace 290129 C. Fiſeraon 39 24 9 0 3 
Mouth of the 'The Burlings 39 20 9 31 3 
Seine — [149 27 o 10W| 9 * The Rock of 3 
Caen 49 11 | 0 16 11 | Liſbon — 38 45 9 31 3 
Cape Barfleur | * Liſbon — 138 42 NX 3 3 
ti. Lights — 149 44 | s 7 0 C. Epichel 38 21 9 15 3 
Cherbourg 49 38 1 32 7 + St. Ubes 38 29 9 0: 1-4 
[C. St. Germain 49 46 {| 1 52 | 9 * C. St. Vincent|z7 2 16 43 
Alderney I. W. C. St. Mary 9 80 7242 
Point — [49 48 4 9 P. Avenifla 37 6 6 33 3 
Caſkett Lights 49 48 23.38 110 * Cadiz — 36 31 3 2 4 
Guerniey I. W. C. Trafalgar {36 10 5 56 3 
Point — 49 32 2 36 * Gibraltar 36 5 30 
Sr I. N. Point 48 28 2 16 Ceuta — 35 $0 1 3 I 
[erſey I. N. W. | C. Spartel 35 48 5 48 3 
| Foint — {49 16 217 6 
Coutance 49 3 | L 36 +8 
* ranvilie 2 11 . 


1 1 


511 —— 
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TABLE XXIV. Or LATITUDES AND LoONGITUDES. 


— — — —— 
——— a 


— — — 


— nm ks Lat. Long. | 
The North Coaſt of the Mediter- D.M. | D. — 
9 Cibraltar to Roſaro — — 142 48N. 17 40 
Le from (1 Patero m—_—— 12 4 
Conflantinople. 5 INorazo . 18 45 | 
| : Lat. Long. La Vallona — +4@-$3: - 190 | 
| D. M. D. M. ||Cape Liqueta — 14 42 (19 ＋ | 
| b — 336 $N.] 5 16 WIIpageni . 22 1 
Gibraltar 6 42 4 15 [L arta — nn 
[Malaga £2 ER 4 46 2 24 [Cape de Larta — 38 40 |21 44 
Cape de Gitt 2 | on 1 2 [Lepanto — — 38 15 [22 54 
. Carthagena 1 37 © 58 Cape Gallo Dd; 36 40 2149 
* Cape Pallas FEY 4, 4 © 9 Ge M:ntapan — 136 35 1 37 
Alicant 8 38 47 o 5E. Cape St. Angelc 36 37 3 44 
Cape St. Martin o ov [Cape Mala N 
Gandia vos 9 0 9 5 E * — (33 10 23 35 
Valentia —_ 18 ve * fl * Athens — [38 4 23 58 
Cape Oropeſo WES » gp 6 o 30F, | [Negropont — [38 28 [24 10 | 
D 8 = 26 2 4 ape Doro — 138 o 2 ©: 4 
Barcelona pp 1 3 15 Cape St, George — 39 lo. 3 44 |} 
C2pe Sebaſtian 7 18 2 dalonica or Salonique [40 41 23 14 
Cape de Creux * = - 8 Cape Ballouri — [39 43 f 535 
Perpignan jt : 3 46 Cape Pellice — [39 57 124 25 
Cette 2 2 55 Cape Monte Santo $0.10 4 357 
\Narbonze Road $3: © Adrianople — 40 44 7 „ 
[Montpelier 448.4, : oy Galipoli — 40 25 27 1! 
. ere, 4 18 : 28 |[|*CONSTANTINOPLE|41 1 io © 4 
* Marſeilles ——— f 
Toulon [+3 7 > 5 The South Coaſ? of the Mediter- 
Cape Taillar —_—_ + ranean Sea. | 
ape de Oropes * * : by { — * 
Villa France _ 88 — 35 coN.} $5 14 
Capes de Mille — 143 34 : 56 1 5 + 28 5 14 
* Genoa 9288 = 5.23 * C. Negri! G— > © 
Point de Fino = 204.1919: 6 rr — 65 38 245 
" Leghorn e m— 
br rot RMS bo Bod! 1 {2t-g ono — 636 6 lo 44 || 
* 8 RS C Ferrat — 4 oO 3E. 
biombino EG 4g E. Tennis — 36 35 1112 
Point Ercore r 8 — 0.491 3.193 
Civita Vecchia — [42 5 {11 52 C. Matifor — 36 52 334 
* Rome —_— _ +34 -]**..35 © C Carbon — 36 53 4 15 
Cape Dazzia — [#1 38 12 35 Of Toned . it 
* Naples — — 40 51 |14 1 E — 66 58 | 6 37 | 
Cape Polonado . 8. Ferro „ ES. 
Policaſtro — r ON 53 Ronk Do, 36 45 7 41 
Cape Patican F — $13 $ 
(Cape Groſe ee Te Ho peak — | | 9-35 
Cape Spartevento 38 0 16 57 E r 
Cape Collonia — 39 o |18 8 Suky 4x 36 45 10 10 4 
Tarento 40 14 8 2 [Tunis 5 1 77 
GT; pee 8 26 C. Bon - IM. 1 
Galipoli 39 56 193 IFr — 35 44 10 58 ö 
Cape St. Mary, the En- | = i F — 35 5 11t 15 ff 
trance to the Gulf of Ca oP, Zoara — 31 30 131-24 1 
. Venice e nn 
rinici * — 140 38 [18 45 xp Al 13 3 1s „ 
Barry — 4: C. Me: ſurato — 2 24 |15 39 | 
Manfredonia = MF. Inn” cn 96-1108 
C. raſh; 6 C. Lorat 31 1 |; 
Cape Veſtio — [41 43 6 34 |! 4 — [31 43 [17.37 | 
Peſcara — 3 13 13 114 30 O. Stu puke — 330 17 18 40 | 
Ancona nnn eee 3 57. 8 10 
Comago err C- Linconta 25 1 in 2 | 
Venice — 145 26 [12 10 Vs; Sarabion * 1 
Trieſte —— 466 o [13 34 Toara 3 28 2 2 
Ravi 1 - I 8 |C. Bengaza , 
vigno 45 81 34 — 331 7 2 20 
St. Maria — [45 23 |14 25 [C. Razat 22 21 
2 Derne mmm If. 
eicera — — 144 42 15 40 tin —— 132 45 |: 57 
Cape Seſto — [43 45 (16 25 |}C. Razat! 


— 


* 


vi 


I. uco — — 
| , Sol man 3 
. Ramitan — 
J. Lagolego — 
|... Capopero — 
|, Rofe — 
' Alexandria Fl 
C, Brule — — 
| YouN1ata — — 
| \erella 
I „ Gallo — 
ae "REM 
| I. Carmel — 
| C. Nardo — 
bripoly bk 
ö Fortol 1 "Te 
\ 2, Sandin — 
e. Canzin — 
Ale xandrætta or Scan- 
| det oon ak 
| Aleppo pn 
10. Urico HR 
„ Cavelerno 1 
C. Dranmoant — 
aitalia 1 
2, Blane 3 


J. Seven Capes 
, Barbe 

C, Crio 

C. Petrera 


— 
— w_— 


— 


„Blanc 
Smyrna 
C, Baba 


| 


O. Capitani 
| PrumMas 
1 


* 


K 


„St. Mary 2 


| 


, Janeſari — 


e 


ſ 


— 
. 
% 


© * 
— 


Ihands within the Straits. 


[ 
' 
, - 
* 


Janariee INands — 
Fan mentera, W. Point 
Ditto, E. ditto 
leica, S. ditto 
(Ditto, N. E. ditto 
Selina 

Cat) dera, S. Point 
Majorca, S. Point 
\ Nitto, N. ditto 


Ditto, W. ditto—— 
— 


Ditto, E. ditto 

Minorea, S. «ditto 

* Minorca, St. Philip's 
| Fort — — 
Ditto, N. ditto Point 
Sardinia, S. W. Point 
Ditto, S. E. ditto — 
Ditto, N. ditto — 
Ditto, N. W. ditto — 
mera, N. Point _ 


8 
— 


—ͤ— 
— 


St. Pelem — 
b Le vo — — 
15 
Jalite — 
U 
er — — 


1 Alboran — 


— 


— 


de 0 90 de e o ww wwatM mt gong =O tym 


= 


Planoſo 

2apraia 

| 301 gona — 
onza — — 
Luſterca — — 
5trombolo —— 
Lenaze — 
Marelimo — — 


[aug nana — 


Sicily, W. Point —— 
Ditto, S. ditto —— 
Melina in ditto _ 
Puntelartia — 


i noſa — 
Mdufla — 

Malta, N. Point _ 
Nitto, S. ditto —— 


* The Harbour in Malta 
Gozo, N. Point ——- 
Cortu, S. E. Point 


Gulf of Venice — 
Pelegofa — 
Piani — 
Fremilli — 
la — 
homo — — 
Longa, S. K. Part — 
cio, S. Point — 
Cerigo, S. Point — 
2erigotte — 


\111o — 
Mitclene, W. Point 
Goze — — 
S. W. Point n 
Cape Spada — 
3, E. Point, — 
IN. E. Point, 59 


Rhodes, S. K. Point 


[Cyprus, W. Point 


E. Point — 
S, Point — 


Fano, Entrance of the 


D. M. 


The C w_ of Africa from Cape 
Spartel to Cape Verd. 


» Cape Spartel 
* Laraſh 

» New 5ale — 
+ Mazagan — 


„Cape Blanco 
» Cape Cantin 
* Saftia Bay 

* Mogadore Iſland 

* Cape Geer — 
Santa Cruz 
Cape Nun 

+ Cape Bajador 
* Cape dis Barbas 

* Cape Blanco — 
Arguin — — 
Cape Miric — 
Portendic — > 
*enezal Bar 
Cane Verd. 


5 47W 
6 8 
6 38 
$ 11 


4 * 
48 


3 


Long. | 


crrupzs. 
N UDES AND Lox 

XIV. Or LATIr 

I: XXI 


— 


— —ñ—ͤ—ä 
— b ny WT YPORY From Cape Verd to the Cape of 
by 5. (191d Hape. We 
The 2 Lie LE wp _—_ Long 
| Lab Long. D. M. D. NM ; 
D.M ot 1 | Verde — [14 46N. ] 47 
—— e Nn en. N 14 36 17 4 
Cor vo — {20 34 „ 4 * 3 E — 14 24 [17 1 | 
's Flores 8 22 28 3 Cape Naze 8 5 
* Fayal, the Town ['s - 28 20 Cape St. 1 1317 6 56 
picu 5 38 54 28 15 to the River Gambi: 12 23 [17 10 
Cercera — |38 3 127 5s Cape Rox — 9 35-1136 
i 39 2 28 bebe 3 — v i 1s * 
coin . 25 4 Delos - 8 2 13 
Me Mickast, Þ, Front 17 38 26 45 % Cape Sierra Leon 1 7 [93-27 
Ditto, W. Point 37 0 65 6 * Cape Ann 6 46 {11 42 | 
„St. Mary eee eee * Cape Mount 6 16 11 17 
— 1 * Cape Mezuraco 35 5 28 10 7 | 
FT, as, Cape Baxos 27 917 
The Al. We Ty 1 8 : 8 9 * 
— 7 ©) 
Por Santo. f ny ks * Cape alen 15 <=; ö — - 6: 
a= 5 33 30 |16 p St. Andrew's River 6 03 5 12 
water 7 o 116 4 2 Maho 5 3 11 
Madeira, Eaſt P, - = 17 26 * Cape Appollonia e * 2 36 ö 
Ditto, Weſt F. 32 38 17 5 * Axim N points 4 40 2 38 | 
Funchal ls 30 8 + 116 4 '* Cape Three 4 48 2 22 
The Salvages Iſlanc | — 9 * Dix 2 . 1 0 159 | 
* Snkondee 3 5 10 I 40 
anaries. + Elmina | [$12 [128 | 
The Gi | eh - [is Cape Lon Caſtle | - 24 © $SOE. 
corth P. 29 25 N. 13 26\y 4 Devils Hill 1 
, Manzarote, 2 55 4 4, '3 #1 [|x Anamaboc Fort - 30 o I6 | 
Ditto, —_ 28 4 114 26 '* Acra 5 $3 1 23 
Forteventura, 1 10 1'3 40. . Tibberacoe —— 3 53 | 4 35 
Ditto, N x" a 128 13 15 33 [{Rive: * „ 1 40 
1* Canaria, * 2 0 27 42 5 54 [| Cap:: 82 Pau 3 6 25 | 3 13 | 
* Ditto, South ie 2813 116 26 |[Whidal — 6 10 
* ThePeak of Tenerift it ww 116.2 Forme River 4 30 6 40 
Ditto, 8 28 23 16,30 Cape 1 123 22 
s Orotavia in di 21 27 [16 18 Feu Callabat | 3 20 0 © 
Santa Cruz in Litto 2 1 36 * 32 nene River -—— 1 15 | 9 23 
Palma, North P. Bhs - 20.6 107 3 [Cape St. Jjand $.9:-0.49 343: 8 
Tazicote i in 1 28 18 7 37 Gabon _— © 478.9 12 
Ditto, South | Port l C. de Lapas Gon 2 16 | 9 35 | 
omera, at the n [37.47 117 40 Sedo River 3 27 {10 40 
* Ferro, NOW! 27 50 {19 37 { Alvary Bay 0.95 106" £ ' 
* Ditto, Eaſt - |, 27 46 117 33 Congo R. ver | 6 45 F 1 
Dato, Welt b. Nee Amis River wy 9 50 22 3 il 
7 1 | I. edo 218 12 35 
| as . ie Beaguela [| 
. Ii UE 
| Cape Verd Ilan | 3 5 8 appear: POR 4 44 | 
| N. 124 43! cone OY hommocks — = 5 Wi 
N. nthony N — J = 24 36 „ Tiger's Iſland 58 118 40 13 42 of 
1 Sabel f. lus » 
ue Tg 1 * EI! Zabe O i 
n f — [16 32 24 dro [23 | 
Nr „ 18 123 30 | Cape 1 do Fo my 26 35 is 40 | 
| + Bonaviſta 'S 3: 268-40 2 on \oltas — [29 9 |16 45 | 
* Mao — 13. 4-6 Cape 1 Bay, N. W. 4 
it, Jago. N du P. — Ty 34 23 271 [ Walwic — 13 „14 
it, mor Forth W point 1 32 20 15 24 
. vou DR RG 14 50 124 39 | Cape — . '' Bay, C. | g 
Mage N _ [14 27 24 22 | 7 bas Martin's 52 63 12 " | 
| | . Saldan»b Bay — |;3 [18 
| * Saldan: : | 29 j15 29 | 
| Cape uf Good Rope 8 — 
\ | 
| DL Pane OO 


| 


{ 


[ 
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TABLE XXIV. Or LaTtiTupEs AnD LOKNGITUDRES, 


— 4b < 4 A ee Oo 124 Dee om ooo 


——_—__ 


— 
— yams 
I. at. 
| IRands between Cape Ferd, the C ape D. M. 
| of (ood Hope, and Cape Horn. Cape Tfoclette — [19 I. 
| Great Mazeira l. — 2015 
"Lat, Long, [Cape Roſelgate — 22 36 
| | D. NI. D. M, {| Muſcat 23 39 | $8 16 
St. Paul's — 1 © 54N.[26 4 Cape Jaſk 25 57 7 15 
* Ferdinand Noronha | 3 568.32 32 [C. Mufeldon, Entrance 
St. Matthew: SB 7 30 to the Gulf of Persia 26 17 36 17 
Fernand de Po, N. P. 3 23N | $ pol. Cape Birdiſtan — 128 o | 51 8 
Princes 1. 144 8 o zambaroobn — — 27 18 36 6 
St. Thomas, Man of | | Cape Monze — 15 o | 66 18 
! War's Bay — | 0 27 1 * Ballora 30 31 47 32 
* Ditto, South P. —|o 5 | 6 50 Point Gigat — {23 30 | 68 z5 
* Annabona — | 1 288,| 5 52 Hiau Point ——— [20 44 69 50 
* Trinidad 20 15 3 zo Cambaye — 23 36 | 72 17 
* Aſcenſion 7 56 [14 16 \\Surat hin 21 10 72 26 
4 St. Hellena, James Cape St John — 20.0 | 72-34 
' Town i, 55 | 5 46 ||* Bombay — [18 57 7 45 
Saxemburgh — e u ig s. Dabul is © 71 29 
;* Triſtan da Cunha 37 10 fi 20 jj* Goa is 3t | 7355 
Diego Alvarez —— 39 20 ji11 2 Barcelore 19 33-183 
hy Gough's Ifland — o 3 | 2 3 ||Mangalore —— 1.3 o | 75 33 
{Falkland J. N. E. b. 51 50 |63 30 Nlount Dilly W 
in S. W. Point 51 0 {66 5 {|}* Cochin © 8380S, 
* and of Georgia 54 zo 37 30 Shs Cape Comorin — 77 
! — Dondra Head, South P. 
From the Cape cf Good Hape to || of Ceylon — 
| Canton Trincomaley — 
Ke: | ; boint Pedro — 
rr | 12 Calymere — 
„Cape ut Good Hope [34 29d. 8 29 E : 
'F Tine — bo 3 8 50 r ee R 
Cape Agullias — 64 44 0 15 * Pondrcherry 5 
* Falſe Bay — 34 10 fis 39 Fort St. David's 
Bay St. Braze 34 28 [21 59 | Madras — 
$Cape Yallado , — 133 27 24 7 [Cornet Divy 
ls Alzou Buy 33 30 26 35 4 Mafulipatnam wn 
{Cape Delgado, Muſcle R. 33 38 [24 10 E Coringa Bay _—_ 
„ Firſt P. of Natal — j;z 11 [28 51 E.. koint Gordeware 
„ Mice P. Natal — 30 45 [zo 20 [| Viſagapatam <1 
Post Natal 29 50 30 57 : Gamyam 
;Smoak Cape — 7 7 32 15 Eger nant Pagoda 
Vane St. vlary. Entrance | Black Pagoda —_ 
of Del2goa Bay — 25 51 [33 16 [CO Point 
[ge Coriantes _—_ I T7 z6 35 5 Point Palmyras "IHE 
Cape St. Sebaſtian 22-35-3886 36; ia Kadgiree _ 
; dutala ——— e 15 35 32 X Balafore | 
[Angoxa — — 116 11 [39 27 b Ingell-e rn 
[udda — — f 29 [39 26 Calcutta . 
x * Chindernagor © — 
* Nozenb: are — 114 56 140 29 11 5 
C: pe Dela: d w_ > 41 15 1 tlamabad 
o” | Aracan River — 
| Giutou ———_—_— 5; 1 irony ba in 
Mombas —— 3 34 [41 30 1 e il a tle FOO: 
| C. Negrais 
e 6:ñI 6 8 
* Magadoſha 1 2 20 N. 46 25 Gult ot Martaban 
[Cape Palas - 4 5o lag 2 jo * Tavay Point — | 
* Cope Ort. — 1 g || Junkſeylon — 
e 7 7 [1.3% [ Malacca 5 
Cape Guardafui — p11 47 |51 33 h CC: 
f Cape udelmandel, En- 0 * Cape Romania — 
trance of the Red Sea[12 33 14347 jj* ne] in the Gull of 
4+ C ape F:rtaſh TEST Bs 1 5 1. 1 5 
$a Cape Aden — 12 43 145 17 Cambaza Pont oF 
ape Muchet _ ir 16 54 19 nan N 
i Socotra 1. Faſt Point [12 18 [54 23 * Pulo Canton 2 
Ditto, Weſt point — If 4; ; 2 L. Nord or Turn 
The E. as A oe + Macao — 
1 ape Pedro <—_— F774 35 47 * C 
{ » * Moka ih he! Red Sea [13 17 42 17 | Canton — 
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TARLE XXKIV. Or L ATITUDES AND LONGITUDES. 
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Ifands lying between the Cape of 
2 ood Hepe and C Wo Cameron. 


bro or N 


St. Paul's Iſland 

Amſterdam 

* South P. Cape) 
St. Mary's 

North P. O. 


Am- 


Natal 
St. Auguſtin's B. | 
C. St. Vincent 
C. St. Andrew's 
0. St. Sebaſtian 
Bay Antongil 
I. St. M2 ry 
* Foul Point 

I Fort Dauphin 
Ballas de India 
[Europa Rocks 
Juan de Nova 
Suſlex Rocks 


Pizarutd Ilands 


Englith Bank 
Cheſtertield ſhoual 


Mcizyotro J. 


Natal I. 
Sandy I, 


Zanzibar J. 
Amirante I. N. 


* Nlohtlin J. 
* Johanna I. 
* Comoro 
Portugueſe Shoals 
[ohn Martin's I. 
Aldapra Iſlands 
Atlumption I. 
Cotmoledo I. 

St. Petei's I. 


Mahe I. N. W. b. 


** 
drigue 


Point 


— 
fo 


. 

ige Bourbon 
* Mauritius 

* Niego Rais ar Ro— 


K St. Brandon 
Nazareth Bank, S. W. 


„ Zeeclip Weſt 59 North 


1 Circle of ten Fathome 


W. P. 
S. E.. 


f 


1 
O 83880 Gee 


S 


| N, E, Point 
My Iſland 
* South Roqueyriz 
ohn de Nova 
Prov: dence J. 
St. Francis Illes 
Peros Banhos 
* Diego Garcia 
Candy 1. Ines 
Adu Ines 
Maldive Illes, S8. E. 
N. W 
Malique Iſlands 7 
Laccadive Illes, S. E. P. 
N. W. P. 


28 


— 
— 


e © © 


„ O NN 0 wu ow vv ww 


ä 


Iſles Eaſt of Cape Comoriu. 


>” 


* Ceylon, S. Point 

* N. Point 
* Triacomaley in ditto 

Bale of Cotton Rock 
Preparis L. 
SOCOS I. North . — 
* Great Andaman I. 
North P. — — 
South P. 
[Little Andaman, S. P. 


Nicobar Iles, N. P. 

South P. 
Seyers I, — 
log J. - 


Poolon Nyas 


3004 Fortune I. S. P. 
ngona — — 
Poszy or Naſſau, S. P. 
Crompeuſe 
* Prince's JI. Straits of 


ot Sunda, 


k. on Croc 06 8.1 30 ¹ 

Peak on Tamarind I. 
N. 62 W. 

Captain M Intoſhrowed 
round the Rock in a 


and the Boat w:5 ne- 
ver in leſs than ten 
Fathom Water. 
* Chriſtmas I. _ 
Coco Iſland 
* Java Head, or W. P. 
* Laſt P. 
North Iſland. — 
Peak on Crocatoa I, 
Peak on Tamarin I. 
Zeechp — 
* Batavia in ditto — 
* Bally Straits, South 
Entrance 
* Bally I. South Point 
Lombock Straits — 
Straits of M:fs — 


Sandal Wood I, 

Rotto I, — — 

ſimor L Weſt Point 

* Pulo Runda — 

* Pulo Way e 
* Pulo Bratle — 

* Pumatra, Weſt Point 
* Achen, in ditto 


Straits of 5.py — | 


"DY 


| 


11 


4 


Po Mintaon — 


| Sunda — 
Zearings of a Rock en 
which the Indoſtan! 
ſtruck in the Straits 


| 


| 
! 
ö 
g 


K K 00e e 


aA JR 6 Sin K 


* Bencoolen, in ditto 
* Eaſt Po.at 


— 


e 


— 


15 
39 
49 


25N. 


22 


49 S+ 


53 
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TarLE XXIV. Or LatitrvDes AND Lorciruprs. 
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Iflands in the China Seas to the | 
Kaſtward of Java. 


* Banca, North P. 
South P, 
* Lucepara, S. Entrance 


to the Straits of Banc) 


Monopin Hill 


Spirit Iſlanßegd 
St. Julian's Iſland 
Timelan IfNNand 
Victory Ifland 
Wood = 
Saddle I, 
Anambas I, 
Natunas I. 

* Pulo Tinoy I. 
* Pulo Aroe l. 


— 


* Pulo Timon I. S. 7.1 


* Pulo Brata 
Pulo Lazen 
Ridang 1. 
pulo Pby 
* Pulo Way 
Two Brothers 
* Pulo Condor 
* Pulo Sapata 
Elephant 
Pitt's 1. 
Soath Sea Caſtle I. 


— — — 


Billiton, S. E. Point 
Bintang, E. Entrance to 
dhe Straits ot Sincapore 


paracels I. North P. 


| South P. 
Macclesfield Bank, N. 
Point — 

South Point 
Scarborough Rocks 
Hainan, North Point 

South Point 
* Formoſa, South P. 
Pratas Rocks | 
Triangles Rocks, N. P. 
S. P. 
* Borneo, S. W. Point 
| * S. E. Point 
* W. Point 
* E. Point 
* N. Point 
* Balambangan, En- 
trance to the Sooloo 
1 et 10 
Banguey 
Palawan, S. Point 
N. Point 
* Sooloo I. E. Point 
Celibes, S. Point 
N. Point 
Luconia, N. Point 
* Manilla in Luconia 
* Karkalang I. S. P. 
N. E. P. 


— ——— 


t Moratay !. 


| 


La. Long, 
D. M. ID. M. 
1 335.1116 ok, 
3 4 [06 17 
3 12 106 10 
1 
3 6 108 5 
o 12 ſioz 15 
o N. tos 30 
o 45 j!06 38 
1 9 187 151 
128 [103 55 
bn 
217 [105 44 
2 47 1106 15 
4 8 1o8 10 
2 30 105 52 
2 zo 1104 42 
2 49 1104 2 
4 45 }'03 30 
7 17 oa 30 
6 20 Jjio2 37 | 
$ zo 103 45 
10 0 1102 34 
8 32 105 37 
841 4106 10 
to 4 1108 42 
11 © 113 10 
10 55 11435 
1130 [112 17 
16 30 [r10 o 
1137 1109 30 
16 6 [114 10 | 
15 15 1114 20 
Is ©0-. JOL7-12 
0 6 
18 12 flo 20 
27 47 1120 52 
20 30 116 15 
19 ie 
16 o it 32 
2 455.y!og 28 
4 15 114 25 
o o 1108 45 
1} 5 ISN. 50 
7 0 [116 45 
7 30 $049 
7-37-37 10 
8 28 7 30 
1120 [119 46 
6 067 o30- 32 
5 428.[120 6 
2 ON. 124 © 
18 45 [120 45 
14 36 [120 59 
3 52 1126 14 
4 29 126 20 
2 28 ak 30 | 


ELK KKK ## N 


| 


* Gilolo I, N. Point 


W. Point 
* Heri I, 
Tirnate I, 
Mariene I. 
Sutt.i Mangal I, 
Burro T. Weſt p. 
Sutta Bathe 1. 
N. end of a dangerous 
Shoal oft Bouton I. 
Bouton I. S. P. 
Toucca Baille I. 
Balataya I, 
Cambona I. 
Salayer Straits 
Celibes I. S. P. 
N. P. 
| N. W. P. 
Tonyn I. 
Lucihiva TI. 
Paternoſters in the 
Straits of Macaflar 
Paulo L. aut, S. P. 
* Great Solombo — 
* Lubeck I. 
* Carimon ſava I, 
Pulo Rachel I. 


— — — 


NoTE. 


Lat. Long, © 
D. M. D. zi. 
2 17 N. 127 20 E. 
1 8 127 1 
0 59 1126 54 
O 57 126 53 
o 21 8.26 40 
i 48 [126 17 
3 3 125 43 
2 36 [123 41 
$ 25 22 $ 
5 42 [121 11 
5 35 123 15 
5 55 122 37 
5 29 [121 25 
5 44 [120 6 
5 42 120 6 
5 27. 16 2 
| 
5 28 [113 8 
5 47 112 12 
5 48 110 10 
5 53 1108 3 


In theſe Seas there are many 
thouſand Iflands, ſo that it would be of 
no Uſe ro lay them down here, Recourſe 
| muſt be had to the beſt Charts. 


Weſt Point 


— —¼ — — 


New Holland. | 

S. W. Cape 43 42 8 1146 5E. 
8. E. Cape 43 46 [147 5 
* St, Maria's Iles 43 20 [148 10 
* St. Patrick's Head 41 44 1148 2 
* Cape Howe 17 24 149 54 
* Cape Dromedary z6 21 [139 4 
* Botany Biy | — 34 o 151 20 
* Port Jackſon — [33 47 {151 21 
* Cape Hawke — 32 13 132 28 
Smoky Cape — 30 49 [153 7 
* Cape Danger — 28 7 152 25 
* Cape Morton — [26 57 {153 22 
* Sandy Cape — 4 35 1833-3 
* Keppel Bay — 23 39 150 48 
* Cumberland I, 20 30 [148 45 
2 Cape Cleveland 19 10 148 5 
* Cape Flattery — 4 52 (145 1? 
* Cape Conway — 20 44 }14$ 35 
* Cape York — 10 44 14137 
Van Diemen's Bay 10 30 130 15 

New Guimea. 74.2008 

** Cape Falſe —— | 408.136 zol 

Eaſt Point } 6 20 f8 © | 

* Louiſiade Iles, E. P. fro 35 54 % 

Weſt Point | 8 30 {148 39 | 

* New Britain, Eaſt P.] 4 53 1539 

4 Weſt Point | 6 o 149 2 
New Ireland, Eaſt ÞP.] 5 © 1152 3? 
2 20 1148 29 


— 


> ID „% End. re ibs 


* 


TABLE XXIV. Or LATfITUDES AND LONGITUDES. 


— — — —— 
= 34 Lat. Long, | 
Recks a Shoals lying Wift of ACS 2 5 58 wy 
* Sagawich Land, N. F. . 30\y 
New Holland. - * South ditto [65 o 127 27 
if 4 Lat, Jong. : { 
D. M. D. M. South Georgia. ; | 
A Rock above Water [28 178. 98 30 F.C. Buller — |53 58 37 40 
Cloats Iſlands — |21 45 | 93 27 C. Charlotte — | 54 32 76 11 
Tryal Rocks — 20 40 104 30 [C. Diſappointment 34 5 25 15 
Roſemary I. 20 30 110 45 C. George — - [54 17 [30 32 
Abrolhos Shoals — [2330 my 45 50 _— 5 — - 36 7 
Land $8 41 andwic — 13 
— . — — Saunders Iſland — 154 6 36 58 
Hands in the Pacific Ocean, lying] Wallis Iles — 154 o 3829 
between New Holland and Cap. | The Coa Coaſt of Kann 
Horn. Reikneſs C. 0 53 55 N. 22 4% 
eee e 1 N 220 cob. 'Weltman's 1, 63" 1 14 
For mola, — 9 [3 2 122 f Pairixfiord — 55 38 24 4 
* Tayoan in Formoſa [22 40 120 20 5 Straumneſs Pie — 40 113 2 
Great Liqueo, 8. P. \25 15 128 zo [North Cape G 34 * 5 
North P. 28 0 128 30 Grims I, 7 * ht + 
Xuno I, South P. 131 30 131 50 7 Kikeſiord N 2 2 Bo 45 2 | 
North P. 34 45 131 30 — 8 N 56 +> * 9 | 
Niphon, South P. n jan —__ I * 3 b 
North P. 41 o 142 o |EnchuitonT], =. 13.0100. 0. 
Matooſmaee 42 30 140 30 8 W Br 3 „„ 
* Kamtſcatka on the C. Her . 5 (63 5 Wy 2. { 
Main, South P, 51 © 150 3o Q Hekla v3, 227 700... 
Beering's J. South P. 54 © 1161 30 
3 Likes, Nor- N The Craft of (Greenland, 1 
| thernmoſt _ 21 o 114 6 ( John or Manen's 1. 71 10N.] 9 44 
Southernmoſt | 8 © 114 6 [Gael Hanikes Bay 7 0-1-8 os 
* Peſcadore Iſles — [10 30 64 © ||Bontekoe I, — 17327 | 9.30 
{Huahine I, — 110 445-151 oWiChamn Þ Pn 
St. Bartholei — {14 20 N. 156 30 [Dangey J. 67 23 27 19 
1. St. Pierre — 11 © [178 45 Herjolfs Neſs — 65 3 130 19 
Sandwich Ifles 17 415.1168 39 L. [[ Whales J.:! 62 30 39 3 
| Northernmoſt 22 o 159 z3oW}C, Diſcord — (60 50 30 $5 
* Owhyhee, South P. 20 © {155 30 C. Prince Chriſtian 59 55 141 39 
* Queen Charlotte 1. [9 18 [135 4 * C. Farewell — 59 38 2 36 
* New Hebrides, 1 1 Cc. , Deſol: tion — 62 o 146 7 
uiros C 14 5 167 266, 
ö 2 Northernmoſt 14 30 1 45 Dee; $ Straits. 
Southernmoſt 20 30 169 30 68 eee 
* Ballabea l. a, 16 8 ts : Ee -- 45 f 30 
* NewCaledonia,Pud- 13 Hope Harbour — 463 35 47 30 
Fr CARA 20 18 164 47 ||Gilbert's Sound — 64 15 [47 $3 
* C. Colenet 20 30 65 2 Cooker Sound — 64 50 47 38 
* Charlotte's Foreland'/22 15 {167 20 K. Chriſtian's River [66 7 |43 8 
North F. i 0. 1153 30 | Muſketto Cove — [64 55 2 51 
2 C. Coronation — 22 5 {167 14 ed Boo —— —— 
as ous away FRO 174 x5] Diſco 1.8, W. Point [69 6 {44 38 
: Waygate I. - 70 40 144 
Southernmoſt 121 30 1175 10 'James's I. C. Bedford 68 30 50 8 
Vociety Illes. N. nn 30 bh oe : Cumberland]. S. P. 66 © 60 30 
% Otaheite, Oaitipehagſi7 46 149 8 Bay of Good Fortune 64 20 612 
* Hood's I, 9 26 1138 46 C. Elizabeth -— 62 5 6 30 
New Zealand: | | * I. C. War- . 4 1 
* Duſky Bay — 145 47 1166 24k. --: 1 
* Pallifer'sC, — [qr 38 75 24 Hudſon's Bay. 
* C. Farewell — 40 37 72 47 eee eee — PILE. 
” Turnagain C. — 40 26 178 3 'Button's lies _ [60,47 65 0%, 
'* North C. — 34 10 167 10 [Lowe's Szvage l. — 61 48 (66 20 
Tees South C. — 147 20 167 30 Terra Nieva — 62 4 168 Oo 
= — ELAL TESL — — — — — —— 


= 
a 2 


—— 


— — — 
6 „ AS 4 6.4 


— — — 
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. TABLE XXIV. Or LATITUDE s, and LonGrTUDYSs, 


th. 


—— — 


S ee. ot. 


— — 


2 


* 


| 


— 


St, Nicholas's Bay 


Bay of Rocks 


Saddle Back K 
Great Bear Ll. 


Ice Cove 
Baker's Dozen 
Great Savage I. 
North Hlutt 
Gods Meticies 
Saiithary 1. 
Nottingham, E. End 
C. Charles, Kaſt End 
Weſt Und 
Burgeo Ifles 
C. Walingkam 
C. Diggs 
 Manstield, North End 
South Lid 


——ů— 


— — 
— ä — 


2 — 


— — 


Sleepers I, 
Great ditto 
C. Pembr oke 
Large Swan's Neſt 
C. Southampton 
Churchill River 

| Charlton I. 

| Part Nelſon's Shoals 


— 
— 
— 


La 
D. 


at. 
M. 


10N. 


Long. 


D. 
68 


XI. 
1000 


* 


Hay River 


4 » | C? 
From Hudſon's Bay to Quebec. 


Button's Iſlands 
Black Head 
Falſe Black Head 


Eaſt J. 
Sadel Iftands 
Inchanted Cape 
St. Peter's Harbour 
C. Horrifon 
| Great Bay of Eſkimaux 
C. Chartes 
| York Point 
| Red Bay 
Black Bay 
Red Cliffs 
' Eorteaa Kay 
Grand Point 
Eſquimeaux Bay 
Haha Bay 
; Great Mecatina P. 
| Little Mecatina Iflinds 
Mount Joli 
; | Eſquimeaux Iilands 
| Mingan I. 
Grand Bay, St. John's 
| The Seven Iſland Bay 
Trinity Bav 


——  - 
— — 


— — 


— — — 


| Lav al Bay 
K. Paul's Bay — 
Quebec 


47K. 


50 
20 
50 


45 
13 
40 
28 
34 
20 
13 
37 
+4 
40 
33 
30 
24 
28 
52 
42 
28 

5 
12 
16 
22 

7 


37 
28 
55 

5 
30 
55 


| — 
Newfoundland, / 
i Lat 
D. NI 
Belle Ifle, Var. 202 300 
| . Welt — — 151 5 N. 
Quirpon Harbour 51 40 
St. Anthony's Cape , 
'Hare Buy 151 15 
Groas I — 50 55 
Green l. — 50 47 
Hooping Harbour zo 46 
White Bay — 50 15 
Horte Hlands — 36 21 
C. St. John —— 36 10 
Bay of Notre Dame 30 0 
Twillngate Lands " Wi. 
Fogo bs —. 
Gander Bay — (49 40 
Wadham lands — 49 54 
C. Freels — 
Funk I. _— i: 
Barrow Harbour 38 50 
C. Bonaviſta — 8 52 
Trinity Bay — 145 30 
P. of Grates — 146 23 
C. St. Francis — 147-64 
St. John's Harbour 47 32 
Great Burgeo I, — 47 36 
[C. Spear — 147 30 
| ay of Bulls — 47 31 
C. Broylc  —— 17 
C. Ballard — 466 46 
C. Race — 46 30 
Virgin Rocks — 46 30 
C. Pine 46 40 
St. Mary's Bay — 46 50 | 
C. St, Mary's — 46 52 
| Bay of Placentia — 47 0 
Chapcau Rouge — 46 52 
St. Peter's 1. — 46 36 
Langley J. — 46 42 
Great Miquelon — 146 55 | 
Hurnct 47 15 
Fortune Bay — 47 16 | 
Penguin's Iſlands — 47 24 
Runney I, - 47 32 
Great Barrifuay — [47 37 | 
* Purges I, —— 47 22 | 
C. Ray, Var. 20 Weſt 47 37 
Cod Roy J. — 47 52 | 
\ , (7/ | 
C. St. George, Var. ige 48 30 | 
South Head 49 7 
C. St. Gregory, Var. 
22 400 Welt — 49 22 
Bay St. Paul 49 50 4 
Ingornachoix Bay 50 38 
St. John's I. ——— 3o 50 
Point Ferolle me [6X jj 
Bay St, Barbe — (51 15 | 
C. Norman 51 40 ; 
Limits of the Great Ii 
Bank of New 3 6 
land, North P. 50 15 N 
South P. 41 © 
Outer Bank «| 


T ABI. 


E XXIV. Or LaTtiTupEs Ax p LONGITUDES. 


o oo 4m. . 
TTY DT EOS 


4 — — —_— — Lat. | Long, | 
— — 
. D. M. D. N. 
(ulf of St Lawrence. | 
| The G Y 4 71 — Charlotte Bav, Var. 23 x |6 o 
— | Lat. | Long. | Weſt — 44 34+ 4 37 
D. M. D. M. bort Jackſon —— 413 oY 
St Paul's J. — (47 nN. 59 55W lle of Hope — 43 33 6 +) | 
| Bir Ille _ 4 48 $44 | 3 BP bl 7 0 
8 — 1 $; C. Sable, Var, 112 15 3 
\Brion I. RP. 0409-35-11 Welt —— [4197 61 
Magdalen I. * Fr I | -< [43 23 169 $$ 
1 S. W. P. ang Seal Illes e 66 ö 
Wi. ry l eee AS * c. rorchu——— {43 32 4 | 
N E. . : — ( 8 TY * * , Var. 
Deadman's I. -——— 47 * by b St. K fir Ws — „ 166. 3 | 
1, inen a, E. P. 12 22 6 8 , 4 oh Var 11713 1 
„W. ditto 149 22 „ F[Breyer's 1, Vai ? | 1 66 20 
| Wel t ditto [49 45 64 18 Weſt e 2 65 43 
North giro 149 53 By 58 1 Royal IE by: 19 6, 47 1] 
. de Bil. in the K. S.. 11 1 EB Chi ts Rr | i 
| Lawrence 48 37 167-25 | Baſon of Mines [45 44 155 44 ; 
Mount Camille _ 5 W 8 17. 5 $0 | 
a — — 10 3 66 © . Spencer * 45 17 | | 
C. St, Ann SER 40 n Entrance | 1 
Magualet R. tai 48 17 63 56 * of 6s: Tohn's River 45 (8 4. = { 
— — ; : . -—- © a * T3 
7 — 4 6 Wolf I. _ S.- 1 
OI 8 15 1 63 hy rand Manan I, — Ls 4 | 
* Ai . 3008 4 F ET, 6 » 3 x 
1 . 2 6 CL 55 © et. 
[/- Sonuyentur'e . br 1 — 2 Weſtern Seal Iflands 44 37 '66 +7 | 
© P12 ee Machois Pay 4 44 167 15 | 
| Oatenr Hay 1 us © 164 16 GouldſhoroaghHarbou | 44 34 2 — 
crx 47 | deſert Rock 44 3 167 ö 
t Jotur' I; N. Cope {47 2 e 4p Cn Lenten ft of „„ 
St. ſohmn's a 11 5 . * —— 2 70 
| | en ont 4034 64 3 Boſton Ilarbour hes ” . 60 7 
1 — Cape % © [62 t3_ Caſlies L.cORe, 2 treats OT 
f H:ſhorough Bay 46 6 62 $5 9 2 42 + 42 5 | | 
| * Ce n or St. ' © A ED 2 — 42 68 5 | 
F ˙˖ $0640 10 Ker, n [6p 50 
| Lanes e * 61 "2 ere 5 s xp "Hi KOT" A 41 18 70 20 i 
E 0 oe 61 20 [Noman's Land IJ. 1 12 70 25 
[Port Hood 1 | 27 | 3 . 115 hs bow . 41 2 71 Oo ' 
= 22 3 — 47 1 60 10 Block 1. iddie _— {+1 10 2 of | 
ton . ö ＋ 1. lat 71 46 |} 
Port Dauphin, ditto {40 23 60 "2 2 tt , 01 5 4 74 © 
8 1anith Bay G1tto 146 18 39 57 7 Sandy CK [ : 2 
P £7 46 11 - New York Harbou: 40 43 4: 5 l} 
1|{Flint I, e 9 33 1 — 38 58 74 52 
IScatari l. „„ 12 A 11 pen, Var. 6-1 N 
e. Breton —- 15 37 [39 39 * 8 * Wrxh 5 11 3 46: 7 | 
'Louiſhurr ——==. 145.54 159-49 | X 39 $7. $75. 7- 
C. Hinchizbroke — 145 34 0 24 bendate Phi . 4 
L. Madam —.—— 145 29 {60 44 EE 73 9 | 
Gut of Cantor, South | | 13 Charlie, n 35 * [26 4 | 
| Entrance CO 140: 36::;-106 8 15 > __ —_ '35 16 75 54 li 
Chedabucto Bav — 14 23 ——— A -e \ SW: P 3 4 75 24 U 
—— — . D: © eg Fi: 124-22 7 4 | 
R FE , F un BD . bu | 
From Cabe Canfor in Neva- Scot! af |C: Locks ditto, S. int! 34 19 72 | 
to Cape Florida. C. Fear _— zz $ 7a 2 
e ryinge-pan Shoals, off bg | 
Sable I. Faſt Point . N 85% | ite. S. E Part 3 39 ts + | 
Weſt ditto „ [Gorge Town — [33 27 119 2 | 
C. Canſor, Var. 15% W. |45 16 160 50 Shoal off ditto [33 3. 2 33-4 
Port Howe = = Ei e nen, 
Lor bay ——_— Charles-Tewin Linht- | a El 1 
Sandwich Bay wm: 126-3 bh 31 Heule 112 44 35 | 
bort Stephens — 45 61 $53 cavannabi r | 
Jallifax Harbour 44 36 63 23 Tybee Light — 32 © 1 10 | 
O. Sambro Light-Houle/44 30 63 27 i | mY 
— — — — mÜupü— —ͤ — 98 85 


— — om — * * 
- 


wt... 


TABLE XXIV. Or LATITUDES AND LONGITUDES. 


1 | 
| 4 my | | D, M, 
. II. a 
mo 89 548 | Monjes INands — [12 23N, 
; Port Royal 3 IP C. Coquibacio _ 
| ſFiver St, John, 0 ls 36 [ariel © Nie. [or og 
Entrance - . 81 + Curaco I, N. Pom [12 25 | 
| fauguitine Bay - 12 77 80 45 C. St. Roman — [11 30 79 
FC. Caneveral 28 oY x — * Point Cabello — 110 37 
e. Florida vw e e. 
| of Bermudas, Saint 6 x8 [[Orchillal. S. Part 1 44 | 
| George s Town * 32 45 3 3 Salt 101 * ly, E. vyitto il | 
h R. W Point en Blanca J. N. ditto — {11 4 | | 
| S. W. Point * vw Margarita l. N. E. P. it 10 | | 0 
| Nor. This Ifland is furroynded with N. W. detto 45 46 ( 
. Rocks at fix ur ſeven Milesſ[c. Three Points — 10 19 |% 25 |f 
| | e North Side. % River — [8 25 69 26 II 
eſpecially on th Oroonoco Riv 
diſtance, Þ (ri | — | 6 3o |58 wo || 
| — 5 — w eg 1 . 1 7 p 
Surinam 1 4 
| | From Cape Florida to Cape Horn, GANGS 833 8 
| - "Rr wo ee No 44W C. North — [14% 14997 A 
| * C. Florida In al | 8 Mouth of R. Amazon o 18 51 30 * 
| e Dry Tortugas Shoals, 2 ($8; 40 [St. Louis de Maranham| 2 15 8.46 34 C 
| * S. W. Point — 144 3 * 4 © Barns — | 3 © [42 26 « 
| C. Sable ———— |24 $7 [St 52 L. Bar: — 1 [3617 
[C. Roman 25 48 |32 % . St. OD rPlende | $ o [35 o - 
T's Charlotte Harbour 20 43 by 24 Fa —| 32 35 o 8 
* Spiritu Santo Bay 27 30 * 34 gr Srancifea Ne 11 0 |36 15 
N Bay of 92 oP 55 3 St. Salvadore — 8 46 38 38 
| C. St, Blaze 9 | ee e. — 16 36 39 30 
| {Penſacola Bar woy — is 157 34 e e — i o [38 30 7 
ity bile Point — 30 11 188 35 Abrolhos * 
oon 8 |s Eſpirituo Santo — 1-0 © 139 45 10 
[+ New Orleans — 29 $ 9 33, C. St. Thome — 21 51 [40 20 
Mouth of R. Miiliſippiizg 13 [8 27 G Frio — 133; a Ad G1 
Mouth of Ris Brava 26 3 90 19 * Rio Janeiro — 2 54 [42 38 
| New St. Ander — 90 27 81 ande 1. 3 23 15 143 30 Gt 
C- Roxo 21 57 199 42 . 24 4 45 30 Ba 
wg Veracruz Ae St. Catherine's IJ. — {27 15 % © 
[Campeche e + + [Porto St. Pedro — [37 44 66 97 
n. 4 * en Mary, North, | _ | 
8 7 * * | Entrance to R. Plate 34 43. (5410 St, 
+ Logerhead Kr 5 3 a 1 e. K. Anthony, 8. | 
Falle C. e 110 eee to dirty 36 31 58 27 St. 
Cozumel I. S. Point 20 3 ($7 34 > Room Ayres in ditto | 
| North DD SI, P. 18 25 87 26 Rep. * 34 35 58 25 M- 
Key 10k e! 16 27 88 14 * C © ant — [47 20 64 36 | 
N - * 4 — Bay St Julian — 49 10 168 38 
8. ditto 133 e ju 32 35 [97 45 
[Urtito, E. Point — j16 11 487 27 9 eas 2 ＋* " 6; 21 Do 
Rut an I. E. Paint 16 2 [56 * ee — les 34 (65 15 
E . 4 5 8.85 1 — 34 47 (94 53 an 
© Honduras: TE * 8 25 C. st. Eartholomew 54 58 61 + G 
N — 15 1 7 193 = 
| hiack River — is 56 j83 4 2 C. Horn 3 55 58 65 20 
C. Dias Gracias nn 02 go * Y - 8 * a Gr. 
Triangles, S. Part — ir6 10 [79 $5 " 
| 2 N. ditto 7 5© — 53 The IIeſi Coaſt of Aneric 1 [Det 
Sand Key, N, Part 16 30 [78 20 rn to Bebrino's r dits. 
ö St. Andrew's J. — [1238 — 50 Cape Ho - = Ant 
Corn Iſlands, N. Part 12 10 3 — => 78. 67 700 Mo 
57. John's Point — 10 33 82 50 4 Caps 2 x8 Tr 2 66 52 
+ Porto Bello mm} 9-33 432-08 . "Dl 0 54 33 64 6 Red 
Zult of Darien — 8 40 76 40 5 8 1 31 30 7 22 Nev 
* Carthagena — 6 * 2 is 29 71 5 St. 0 
* St. Martha 127 74 39 | 1 ph ception Bay 35 43 72 34 
L. de la Nala — [12 10 71 53 ||* Conce 1 
| 1 
18 
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—— 
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TA HUE XXIV. Or LatitrTUDEs AND LoxcgrrypzEs. 


——ͤ—ͤ—ͤ— — — — — — ů «„ „% „ » „% "_ 


| Lat, | Long, | Lat, | Long, 
| D. M. D. M. | D. M. D. M. 
„ Lima —— [12 1. 76 WIS. Euſtatia, the Town [17 29% [63 4W' 
Gallapagos Iles — 23 zoN.| 85 o [Saba ——_— 7 8 | 
# Panamy —— | 8 48 | 8& 15 ſaves. ——— fs 33 63 3s 
Aquapulco —— 17 10 101 40 Ber buda, S, E. Point 7 59 61 45 
C, Cor ientes — [22 20 0% o t. bartholomew, E P. 7 56 [62 34 
Caliſornia, South Point 23 30 109 30 . V. ditto — 1 $4 102-51 | 
C. de Touche — [45 24 25 5 || Martin's, E. Point [13 3 62 50 | 
C. Fitrzhugh ——— [51 o |12$ 57 W. ditto — 18 40 ＋ 7 
C. St. James —— [52 © 131 34 Anguilla, N. Ks Font 18 22 G2 46 | 
C. Caldwell 3 54 18 133 33 9 ditto 18 9 63 5 | 
C. Edgecumbe — [57 3 135 47 ([Prickly Pear 18 20 [63 10 | 
„ Nootka, or Saint Yambero 3 18 26 [63 21 | 
George's Sound — 49 36 26 42 KAucgado, E. Point 18 36 [63 30 
# Pr. William's Sound|[61 5 1147 15 W. ditto. 1 41 [04 1 | 
* Cook's River — [59 o [152 K. Croix, E. Point 17 36 163 40 
C. Greyvill -———— [57 30 [153 © VW. ditto — 17 44 4 25 
Alaſka, 8 Point — [54 45 163 11 Virgia Gorda, E. Points 18 3 40 | 
* Shatlow-Water P. [; o 62 45 || The Fort — [is 1g 63 £4 | 
C. Stephens — 164 21 [162 15 Tortola, E. int — 118 27 164 27 
* Norton Sound — 64 15 62 © W. ditto — i 1 04 39 
C. Rodney — 164 35 164 24 (St. John's, S. Point 18 5 164 40 | 
* C. Prince of Wales [65 45 1168 13 (St. Thomas, §. ditto 18 25 64 41 
— — — — The Town — 114 22 64 46 
. * Porto Rico, N E. Pt. 118 6 
Iſlands in the Weſt Indies. 2 E. ditto — — 65 ; | 
Kwak 3 — N. W. ditto 18 41 7 46 
Irindada, N. E. L. 0 45 N.] 60 36 S. W. ditto 1811 [67 45 
Tobago, N. E. ditto 11 29 $9 $7 La Monza I, — Us 10 168 24 
S. W. ditto — 11 85 60 49 thipanicla, or 
Grenada, N, E.P. 12 14 | 61 49 St. Domingo 
S. W. ditto — fit 57 62 19 Cape Enganno 18 27 (68 35 
Grenada Bank, Middle 11 55 | 62 45 Soona I. E. Point i 55s [68 48 | 
Barbadoes, S. Point rY 3 $9 45 * Altavila Rock, 
E. ditto — 11312 59 37 ' off ditto — 17 28 71 35 
Bridge Town 13 9 J59 $1 Abacou Point — 118 2 73 48 
N. W. Point 1322 | 59 52 * Porto Prince [18 40 [72 10 
St. Vincent, N. Point [13 12 [6116 C. Tiberon — 18 20 74 31 
S. ditto — 13 4 161 15 * Fort St. Louis [18 19 73 15 
St. Lucia, S. Point 13 30 |61 © Navwazal 18 24 74 59 
N. ditto — [13 57 60 46 C. Dona Maria is 38 [74 22 
Martinico, S. E. Point 14 24 60 57 * Petit Grove 1827 72 49 
Dimond ditto Ss 26 100-3 If C. Nicolas 19 50 73 25 
| | Port Royal — 14 36 |6r 4 * The Mole — [19 49 73 25 
W. Poiat — 114 25 |61 14 Tortudos, E. Point 20 2 [73 32 
N. E. ditto — [14 58 61 © W. ditto — [zo 5 2 56 
Dominica, S. Point 16 1 j01 20 Monte Chriſto 19 56 71 39 
N. ditto 15 2g 61 25 * Old C. Francois|1g 40 69 57 
Marigalante, N. E. P. [16 4 8 0 * C. Punana — [tg 15 69 10 
S. E. ditto | 15 53 60 59 C. Raphael —— 18 56 69 © 
Guadaloupe, 8. Point fis 54 |61 43 {{[Nland of Jamaica 
ditto „ 30 61 42 | Morant S. E. End 7 58 76 10 
Srandeterre, 9. . 7. 16 15 61 4 * Port Royal — S o 76 48 
| N. ditto — 16 41 | 61 25 | Portland Point [17 42 177 2 
Deferada, N. E. Point [16 24 6 55 || Carlifie Bay — f 5o |77 1s 
1 8. W. ditto — 16 33: 180 3 Pedro Bluffs — 1 52 [77 35 
Waubna, E. Point tag 1 45-1] Black River — 8 5 77 40 
ontſer rat, N. E P. 16 47 (62 12 Savannah la Mar 8 15 78 6 
S. W. ditto — 116 40 62 15 | Negril Point — |18$ 17 78 31 
Redondo I. — 17 3 62 20 Montego Bay — is 33 77 52 
Nevis 8 — 11717 62 28 1 St. Ann's Harbour fis 39 76 56 
2 Chriſtopher's, S. P. Porta Maria — is 32 76 33 
Point — 7 16 [62 31 Port Anthony 18 25 76 $ 
N. W. ditto — 17 26 | 62 42” | 
| 


— ͤv———55— — —̃ _———__— 


TABLE XXIV. Or LXITIr ups AND LONGITUDES, 


rr (rc 5 
| Lat, Long, | Lat. Long 
| D. M. D. M. D. M. D. M. 
[1flands and Shoals lying Heneaga, N. E. Point 21 20N.|72 59V\ 
cott Jamaica W. ditto — 21 © [73 40 
MorantKeys,N.E.P.|179 26N.;75 FFW Little Hencaga, W. P. 21 30 73 
S. W. dittofty7 24 [75 48 N. ditto — 21 34 74 © 


For mog as — |18 zt 75 39 ||Hogſtye's, the Middle 21 41 [73 50 
Pedro Shoals, E. P. [t) 20 77 1 Mayaguana, S. Paint 322 20 72 33 


— 
8 
— 


Little Cayman, 8. N, ditto — 22 29 |72 53 

| W. ditto 19 32 80 10 S, W. ditto — 22 22 |72 55 

Great Cayman, 8. French Keys — 22 42 [73 27 

W. ditto 19 11 [si 8 ||Miraperoos Keys, S. P. 22 7 74 18 

N. dittoltg 18 | [Caſtle I. or South Key 22 8 [74 © 

Swan I. 85 W.dittoſt7 12 |8z 30 [North Key, Crooked I. 22 49 74 2 

Meſterioſa Shoal fi o 8; 50 |]Atwood's Key, N. E. p. 23 13 73 25 

A dry Bank — fis 36 7 15 [Key Verde, S. W. ditto [22 12 75 10 

N Pracel Shoal — is 50 84 20 [The Brothers — 133 38 1976 '© 

Iland of Cuba Long 1.5, E. Point — z2 50 74 45 

C. Mayze — 20 16 74 4 N. d itto — 23 30 75 28 

St. Jago — [20 12 75 35 Rum Key — 23 33 74 57 

Cumberland Har- Watlands I. S. Part 3 

| bour — [19 53 7 13 Little I. its Centre 34. 4 114-3 

Cabo de Cruz — 9 42 [77 52 [Cat 1. S. Part — 24 4 [74 44 

I, of Pines S. W. 1 N. ditto — 24 39 75 12 

| Point — [21 20 83 12 [Exuma, E.ditto — 23 34 75 10 
C. Corientes — [21 46 84 57 [Eleuthera, Powel's Pt, | 

| Middle Cape — z 44 84 34 or S, Part — 24 45 |70 10 


Cape Antonio — [21 49 
Colorados Rocks, 
N. W. P. — 22 30 


85 15 [Egg I. or W. Part — 25 35 77 10 
New Providence, W. P. 2156 78 5 
35 14 |* Naſſau Town in ditto'25 4 77 45 


- 
o 


Havannah —— 23 12 82 12 W. P. of ditto [24 57 78 3 
M atanzas — [23 12 81 15 [Andros 1. S. Point — [24 5 [78 © 
[flands and Shoals North | | N. Point — [25 15 78 30 
of Cuba and Jamaica Frozen Key 25 22 78 0 
Laſt Reef ———— 20 12 68 43 [The Hole in the Wall [26 10 [77 40 
North Reef S. E. Point [20 15 69 29 [Little Bank of Bahama, 
W. ditto — [20 31 70 1 N. W. Point — 27 45 [179 44 
[The Triangle — 20 40 69 48 Sandy Key — [26 33 179 34 
square Handkerchief, g | Great I ſa:c — 26 o 179 47 
RN. E. Point — ts 17 70 20 || Little ditto — [26 5 79 11 
1 S. W. ditto 20 53 70 57 [cat Keys Harbour — [25 10 79 36 
Grand Turk's I. N. E. Orange Key — 24 43 9 36 
ditto — [24 32 71 5 [Double - headed Shot 
sand Key — ki 11 171 10 Keys, W. Point 24 o 80 10 
{] The Great Cayos, S. P. zi 8 {71 45 [Key Sal — 23 31 480 3 
| F. ditto — fz 43 7 26 |[Anguilla, E. Part — 23 22 78 43 
N. W. ditto — fz 57 72 6 | 
I — nee = — m— — — — — 


Though this Table is more extenſive and nearer the Truth than 


any publiſhed, it being deduced from many thouſand Obſervations, 
and theſe compared with the beſt Sea Charts extant, yet in the Nature 
of Things it neither now is, nor never can be abſolutely correct. For, 
let two Obſervers be on board the ſame Ship with different Inſtruments 
they will frequently not agree in their Obſervations ; add to this, that 
many Obſervers make no Allowance for the Dip, Refraction, and Dit- 
| ference of the Meridians, reſpecting the Sun's Deelination. 


Mr. Dalrymple obſerved to me, that although he had the inſpecting 


— —_— 


of the Journals of the Officers in the Eaſt India Company's Service, 
yet there were but few Places whoſe Longitude he could determine 
| with any Degree of Preciſion, 


EXTRACTS from a Letter written to IA MHS BOI Farxcu, /. 
Foreman of the Special Jury who tried the Cauſe in the King's Bench 
at Guildhall, between Meſſrs. SAYER and BENNET, Plaintiffs, and 
Mr. Joun HAMLTON Moore, Defendant, by Ar. Joun 
STEVENSON, one of Myr. Nookt's Witneſſes. 


Tur Action was brought for copy ing of certain Charts, the property of the Plain- 
tiffs: and the damages were laid at Ten Thouſand Pounds, Mr. Stevenſon's Letter 
was written in conſequence of a paragraph in the Public Ledger of March 12, 1783, 
and a copy of it was publiſhed in that paper on the 28th of the ſame month. 

„% Upon my being aſked by Counſellor Cooper whether I had ſeen Mr. Sayer's 
Charts, and thoſe of Mr. Moore's, which were ſaid to be copied from them? 1 
anſwered in the attirmative, adding that I had not only ſeen, but carefully examined 
them. Being then aſked, whether I thought Mr. Moore's Chñarts were exact copies of 
Mr. Sayer's? I anſwered, No; I think they are eſſentially different:“ Being defired 
to give the Court an account of that difference, I anſwer'd in ſubſtance as follows: 
That the Charts of Newfoundland, and the adjacent Coaſts, four in uwumber, (three 
particular and one general) were conſtructed upon very different principles; Nr. 
Moore's were conſtructed upon the true principles of Mercator-ſailing ; but Mr. 
Sayer's were neither plain nor Mercator's Charts: they were contrary to every 
received principle of geography and navigation, and, conſequently erroneous, 'I hat 
although the taking of the latitudes and longitudes of the principal places from the 
ſame authorities, had occaſioned their poſitive ſituation to be nearly alike in both 
ſets: yet Mr, Sayer's charts, being conſtructed upon erronevus principles, the relative 
Atuation of places partook of that error, and conſequently the courſe and diſtance 
from place to place, were erroneous. 

* That the Charts of the Gulf of Florida and the Weſt Indies, were on both ſides on 
the Mercator's projection, but that Mr. Moore's differed materially from Mr, Sayer's 
in the ſituation of the principle places; that I found no leſs than twenty four of thuſe 
places to differ either from ten to eighteen miles in latitude, or from ten to thirty-three 
miles in longitude. | 

Admiral Campbell, F. R. S. and Governor of Newfoundland, declared to the 
Court, that Mr, Moore's Charts, ſo far from being conſidered in the light of exact co- 
pies, were really a very meritorious and happy improvement on charts, (Mr, 9 
which he reprobated as erroneous and dangerous, to ſuch a degree, that when he fir 
examined them, on his ſtation at Newfoundland, he was grieved for the honour of 
his country, that ſuch a publication ſhould originate in England, and often withed 
to have had the power of ſuppreſling it intirely by burning all the charts, and de- 
ſtroying the plates, | 

Mr. Wales, F. R. S. and Mathematical Maſter of Chriſt's Hoſpital (who circum- 
navigated as aſtronomer with Captain Cook) confirmed what had been ſaid by Admi- 
ral Campbell, and Mr. Stevenſon concerning Mr. Sayer's Charts of Newfoundland 
and the adjacent Coaſts; namely, that they were neither upon the plain, nor Mercator 
projection, and, conſequently, erroneous. With reſpect to the Weſt Indies, he found 
that Mr, Moore's Charts differed materially from Mr. Sayer's in the latitudes and lon- 
gitudes of ſome principal places. | : 

The late Lord Mansfield, on ſumming up the evidence, obſerved, that the act of 
the 17th of his preſent Majeſty was made to guard the property of ingenivus mcn 
againſt copying, with only ſome colourable alterations; but never was intended to 
prevent. the making of uſeful and important improvements. He ftated what was 
faid of the four Charts of Newfoundland, and the adjacent Coaſts ; and with reſpect 
to the Weſt Indies, he related what had been ſaid concerning the latitudes and lou- 
gitudes of twenty-four of the principal places in that quarter. His Lerdſhip ,alſo 
obſerved, that the fituation of places was certainly an important object in the con- 
ſtructing of Charts: and he enforced his obſervations by ſaying, that whether the Ile 
of Wight was exibited in Charts, where it really ſtands, or placed in the middle of the 
Britiſh Channel was certainly a matter of great importance to every intereſted navi- 


gator,” 
The Jury gave a Verdict for Mr. Moos. | 25 \ 
3 * 2 E xtra7 
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Extrat i from the Sunday Gazette of the 8th of March, 1789. 


10 
Ox Wedneſday laſt n cauſe was tried, before Lord Kenyon and a zpecial Jur 
of London Merchants, between Mr. David Steel, Book ſeller, Union-row, Tower-hill, 
Plaintiff, and Mr, John Hamiltun Moore, Teacher of Navigation, on Tower-hill, 
Deſendant. The action was to recover „ 4-00 damages, alledged by the Plaintitt 
to have been fultiined by him on account of the Defeadant having publiſhei! © A 
* Chart of the Faſt Coaſt of England, including the Navigation from the South Fore- 
fand to Flamborough Head,” from the * lateſt Obſervations and Surveys, which 
Mr, Steel contended to have been pirated from two charts of his, publiſhed by him 
in 1782, drawn by Jahn Chandler; when it appeared by the evidence of Mr. John 
dteventon, and Mr, Sorteus, pilot to the tquadron in the North Sea, during ths lait 
war, that there are a great many very material errors in Mr. Steele's Charts, which 
are corrected in Mr, Moore's, —— Mr. Stevenſon pointed out one hundred and fix 
places, in which Mr, Moore's differed materially from Mr, Steele's, beſides many 
others of lefs note. — The Jury were prepared to give « verdi& in favour of Mr, 
Moore, but were prevented by Mr, Stec! Counſel ſubmitting to a nonſuit, Whict, 
ſubje&s Mr. Steel to pay Mr. Moore his coſts of ſuit, -Lord Kenyon declared he 
heartily concurred with the Jury, and expreſſed his indignation that ſuch erroneous 
eharts as Mr, Stecl's ſhould be publiſhed. Mr, Moore was prepared, had it been ne- 
coffary, with three other maſters of the Royal yachts, beudes many experienced navi- 
gators, to prove the correctneſs of his Chart, and the erroneouſneſs of Mr, Steele“ 
Mr. Stevenſon obſerved, that tho Iſle of Grain in Mr. Steele's Chart was placed 
almoſt its whole breadth too far back from the entrance of the Thames: and that in 
his particular Draft of the Thames, which was on a larger ſcale, aud therefore ad- 
mitted of greater accuracy, there did ot appear to be any iſland at all. That the 
latter appeare to be an exact copy of Mr, Diſton's Draft of the Thames, excepting 
that the lower part of the river was ſomewhat more lengthened, which might have 
been owing to the ſtretching of the paper in tracing, from the upper part downwards, 
When Mr, Stevenſon was prevented by the Plaintift's Counſel from mentioning all 
the 106 places in which Mr, Moore's Charts differed materially from Mr. Steele's, he 
propoſed to enumerate x z only, which diftered either from 3 to 7 points in bearing, or 
from 4 to g miles in diſtance, but was again prevented ; he then propoſed to ſpeak of 
ono place only, but even in that he was alſo prevented] the place meant by Mr. Stevenſon 
was the Moute and Weſt Barrow Sands, which were afterwards adverted to by Mr. 
Porteus, Mr. Chandler (who drew the Plaintiff's Charts) initead of making the Buoy 
on the Shivering-Sand, that on the caſt end of the Oaze, and the Buoy of the weſt 
end of the Mouſe, he nearly in a line with each other in hi Chart, has placed the 
Mouſe and the Weſt Barrow Sands above 4 miles farther to the weſtward than they 
ought to have been, he has alfo thought nt to make the Shoe-Beacon follow the Mouſe 
to the weſtward, The conſequences are, inſtead of the buoy on the Mouſe lying 2 
miles N. N. W. from the eaſt buoy of the Oaze, he makes it to bear W. I N. diſtauce 
s'miles, and, inſtead of laying the Mouſe buoy 7 miles E. N. E. from the Weſt buoy 
of the Oaze, and 5 miles E. by 8. 4 S. from the Black Tail Beacon, he makes it to lie 24 
miles N. E. 1 E. from the former, and 2 miles E. by S. J S. from the latter, Inſtead 
of the Shoe-Beacon hearing N. by E. from ſhips when in the Fairway, between the 
Nob and the Oaze buoys, Mr. Chandler has placed the Beacon fo far to the weſtward, 
as to make it bear N. W. and inſtead of the buoy on the Mouſe being ſeen from 1th:ps 
in the aforeſaid ſituation, bearing N. W. by N. Mr, Chandler, by placing the weſt end 
of the Weſt Barrow in that line of bearing, has directed them to look no leſs than 
41 points more to the weſtward for the buoy on the Mouſe! Mr, Chandler dedicates 
his Chart, by per niſſhon to the Elder Brethren of the Trinity Houſe ; but the miſ- 
placing of the Oaze-fand is fo glaring, that thoſe Elder Brethren, who are ſo well 
acquainted with the Nab Channel, muſt have diſcovered it at firſt view ; and, if they 
granted permiſſion without examination, they may be deemed, if poſhble, more 
highly calpable. The moſt rational ſuppoſition, is, that Mr. Chund:er has laboured under 
femething, which, 10 45 the leaft, appears very li le a miſtake ! 9 
Mr, Stevenſon defired Mr, Champion, one of the Jury, to compare the northernmo 
part of the Plaintiff's firſt Chart, with the ſouthernmoſt part ot his ſecond Chart, 
and he would ſee a very conſiderable difference in the form and ſituation of thoſe 
fands which are exhibited in both: which difference, Mr. Stevenſon ſaid, a mounted 
to a clear proof, that both Charts had been copied, and copied from different autho- 
rities. In the ſmall ſpace which is comprehended in both Charts, the relative poſi- 
tions of no leſs than iz places in the ſecond Chart differ from thoſe of the ſame places 


in the firſt Chart, from 4 to 41 points of the compass. 


